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(57) ABSTRACT 
The present invention provides a solution to a problem that a 
composition including a reactive silicon group-containing 
polyether undergoes red coloration. More speci?cally, in a 
reactive silicon group-containing organic polymer Which 
contains Co, the problem concerned is solved by limiting the 
Co content to 0.5 ppm or less. As the reactive silicon group 
containing organic polymer, for example, a reactive silicon 
group-containing polyether (A) or a mixture of the reactive 
silicon group-containing polyether (A) and a vinyl polymer 
(B) may be cited. The reactive silicon group-containing poly 
ether (A) is obtained, for example, by reacting a polyether or 
a derivative thereof Which contains Co in a content of 0.5 ppm 
or less With a silane compound Which has a group capable of 
reacting With the polyether or the derivative thereof and has a 
hydrolyZable group. 

2 Claims, No Drawings 
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ORGANIC POLYMER CONTAINING 
REACTIVE SILICON GROUP 

RELATED APPLICATION 

This application is a national stage of PCT application 
PCT/J P2004/ 005956 ?led onApr. 23, 2004, claiming priority 
to Japanese Application No. 2003-127367 ?led on May 2, 
2003. 

TECHNICAL FIELD 

The present invention relates to a polymer, more speci? 
cally, to a polymer Which includes a polyether curable due to 
the reaction of reactive silicon groups. 

BACKGROUND ART 

Among polyethers Which have reactive silicon groups in 
the molecules thereof is, for example, a polyether produced 
and distributed by Kaneka Corp. under a trade name of 
Kaneka MS polymer. Japanese Patents Laid-Open Nos. 
8-231707, 8- 1 76429 and 8-295804, and the like disclose that 
When the total content of the ionic impurities such as sodium, 
cobalt, Zinc and chlorine is larger than 50 ppm in a reactive 
silicon group-containing polyether obtained by use of a poly 
ether as a starting material Which is obtained by polymeriza 
tion With a double metal cyanide complex catalyst, the stor 
age stabilities and the like of the reactive silicon group 
containing polyether and compositions derived therefrom are 
loWered, and hence the total content of the ionic impurities is 
preferably 50 ppm or less, more preferably 30 ppm or less, 
and furthermore preferably 20 ppm or less. HoWever, even if 
the total content of the ionic impurities is decreased to 20 ppm 
or less, a problem arises that compositions containing such a 
reactive silicon group-containing polyether may cause red 
coloration, and the problem still remains unsolved. Reactive 
silicon group-containing compositions are used as sealants 
and adhesives, and hence the external appearance of such 
compositions is preferably colorless and transparent or pale 
in color and transparent. Accordingly, there is a problem that 
signi?cant red coloration, if any, restricts the application of 
these compositions to the above described purposes. 

DISCLOSURE OF THE INVENTION 

The present invention takes as its object the solution of the 
above described coloration problem. 
More speci?cally, the present invention relates to the fol 

loWing polymers. 
(1) A reactive silicon group-containing organic polymer 

Which contains Co in a content of 0.5 ppm or less. 
(2) The polymer according to (1), in Which the reactive 

silicon group-containing organic polymer is a reactive silicon 
group-containing polyether (A) or a mixture of a reactive 
silicon group-containing polyether (A) and a vinyl polymer 
(B). 

(3) The polymer according to (2), in Which the reactive 
silicon group-containing polyether (A) is obtained by react 
ing a hydroxylated polyether Which contains Co in a content 
of 0.5 ppm or less With an isocyanate group-containing silane 
compound. 

(4) The polymer according to (2), in Which the reactive 
silicon group-containing polyether (A) is obtained by react 
ing a hydroxylated polyether Which contains Co in a content 
of 0.5 ppm or less ?rst With a polyisocyanate compound and 
then With an amino group-containing silane compound. 
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2 
(5) The polymer according to (2), in Which the reactive 

silicon group-containing polyether (A) is produced by using 
as a starting material an unsaturated group-containing poly 
ether Which contains Co in a content of 0.5 ppm or less. 

(6) The polymer according to (5), in Which the reactive 
silicon group-containing polyether (A) is obtained by react 
ing an unsaturated group-containing polyether Which con 
tains Co in a content of 0.5 ppm or less With a hydrogen 
group-containing silane compound. 

(7) The polymer according to (5), in Which the reactive 
silicon group-containing polyether (A) is obtained by react 
ing an unsaturated group-containing polyether Which con 
tains Co in a content of 0.5 ppm or less With a mercapto 
group-containing silane compound. 

(8) The polymer according to (2), in Which the vinyl poly 
mer (B) is obtained by reacting a mercapto group-containing 
compound. 

(9) The polymer according to (8), in Which the mercapto 
group-containing compound is a mercapto group-containing 
silane compound. 

(10) The polymer according to any one of (2) to (9), in 
Which the vinyl polymer (B) is a reactive silicon group-con 
taining vinyl polymer. 

(11) The polymer according to any one of (1) to (10), in 
Which the reactive silicon group is a hydrolyZable group 
containing silicon group. 

(12) The polymer according to any one of (2) to (11), in 
Which the reactive silicon group-containing polyether (A) is a 
polyether obtained in the presence of a double metal cyanide 
complex catalyst. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The polymers involved in the present invention Will be 
described beloW in detail. 

<Reactive Silicon Group-Containing Polyether (A)> 
As an oxyalkylene polymer constituting the polymer main 

chain of the component (A) in the present invention, a poly 
mer represented by the general formula (I) canbe used, and an 
oxypropylene polymer is preferable because of easy avail 
ability: 

wherein R1 is a divalent alkylene group having 1 to 4 carbon 
atoms. The oxypropylene polymer may be a linear polymer, a 
branched polymer or a mixture thereof. Additionally, other 
monomer units and the like may be included in the oxypro 
pylene polymer; hoWever, the proportion of the monomer unit 
represented by the above described formula in the polymer is 
preferably 50 Wt % or more, and more preferably 80 Wt % or 
more. 

The reactive silicon group-containing oxyalkylene poly 
mer as the component (A) of the present invention is prefer 
ably obtained by introducing reactive silicon groups into a 
functional group-containing oxyalkylene polymer. 
The oxyalkylene polymer has preferably a molecular 

Weight of 6,000 or more, and more preferably 10,000 or more, 
from the vieWpoint of elongation. The oxyalkylene polymer 
has preferably a molecular Weight distribution (MW/Mn) of 
as small as 1.5 or less from the vieWpoints of viscosity and 
Workability; hoWever, no particular constraint is necessarily 
imposed on the molecular Weight distribution, and the oxy 
alkylene polymer having a molecular Weight distribution of 
1.5 or more may also be used. 
Such an oxypropylene polymer can be obtained on the 

basis of processes using double metal cyanide complex cata 
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lysts cited as examples, for example, in Japanese Patent Pub 
lication Nos. 46-27250 and 59-15336. Reactive silicon 
group-containing oxyalkylene polymers obtained by use of 
double metal cyanide complex catalysts are described, for 
example, in Japanese Patent Laid-Open Nos. 3-47825, 
3-72527 and 2003-55451, and the like. 

The reactive silicon group-containing oxyalkylene poly 
mer as the component (A) of the present invention contains 
Co in a content of 0.5 ppm or less. The Co contained is mainly 
derived from the residue of a double metal cyanide complex 
catalyst used as polymerization catalyst in the production of 
the oxypropylene polymer. 

The introduction of a reactive silicon group may be carried 
out on the basis of processes Well knoWn in the art. Examples 
of such processes may include the following processes. 

(1)An oxyalkylene polymer having functional groups such 
as hydroxy groups at the terminals thereof is reacted With an 
organic compound having an active group capable of reacting 
With the functional groups and also having an unsaturated 
group to yield an unsaturated group-containing oxyalkylene 
polymer, or an unsaturated group-containing oxyalkylene 
polymer is obtained by copolymeriZation With an unsaturated 
group-containing epoxy compound. Then, the obtained reac 
tion product is reacted With a hydrosilane having a reactive 
silicon group to carry out hydrosilylation. 

(2) An unsaturated group-containing oxyalkylene polymer 
obtained in the same manner as in the process (1) is reacted 
With a compound having a mercapto group and a reactive 
silicon group. 

(3) An oxyalkylene polymer having functional groups 
(hereinafter referred to as functional groups Y) such as a 
hydroxy group, an epoxy group and an isocyanate group at the 
terminals thereof is reacted With a compound having a func 
tional group (hereinafter referred to as a functional group Y') 
capable of reacting With the functional groups Y and also 
having a reactive silicon group. 

Speci?c examples of the silicon compound having the 
functional group Y' may include: amino group-containing 
silanes such as y-(2-aminoethyl)aminopropyltrimethoxysi 
lane, y-(2-aminoethyl)aminopropylmethyldimethoxysilane 
and y-aminopropyltriethoxysilane; mercapto group-contain 
ing silanes such as y-mercaptopropyltrimethoxysilane and 
y-mercaptopropylmethyldimethoxysilane; epoxy silanes 
such as y-glycidoxypropyltrimethoxysilane and [3-(3,4-ep 
oxycyclohexyl)ethyltrimethoxysilane; vinylic unsaturated 
group-containing silanes such as vinyltriethoxysilane, 
y-methacryloyloxypropyltrimethoxysilane and y-acryloylox 
ypropylmethyldimethoxysilane; chlorine atom-containing 
silanes such as y-chloropropyltrimethoxysilane; isocyanate 
containing silanes such as y-isocyanatepropyltriethoxysilane, 
y-isocyanatepropylmethyldimethoxysilane and y-isocyan 
atepropyltrimethoxysilane; and hydrosilanes such as meth 
yldimethoxysilane, trimethoxysilane, methyldiethoxysilane 
and triethoxysilane. HoWever, the silicon compound having 
the functional group Y' is not limited to these examples. 

The number average molecular Weight of the component 
(A) as referred to in the present speci?cation is de?ned as 
folloWs. The molecular Weight concerned is de?ned as a 
number average molecular Weight Which is obtained by 
directly measuring the end-group concentration With the aid 
of a titrimetric analysis based on the hydroxyl value measure 
ment method in conformity With JISK 1557 and the iodine 
value measurement method in conformity With JISK 0070, 
Wherein the structure of the polyether oligomer is taken into 
account. Alternatively, the molecular Weight concerned can 
be obtained by deriving a calibration curve betWeen the 
molecular Weight relative to polystyrene standard obtained by 
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4 
the GPC measurement Which is a general method of relative 
measurement of the number average molecular Weight and 
the above end-group molecular Weight, and by thereby con 
verting the GPC molecular Weight to the end-group molecu 
lar Weight. The MW/Mn values Were obtained on the basis of 
the GPC measurement. 
The reactive silicon group possessed by the reactive silicon 

group-containing oxyalkylene polymer as the component (A) 
of the present invention is represented, for example, by the 
general formula (ll): 

(11) 

m 

Wherein R2s are different or the same groups selected from 
the group consisting of a monovalent substituted or nonsub 
stituted organic group having 1 to 24 carbon atoms and a 
triorganosiloxy group; Xs are hydroxy groups or different or 
the same hydrolyZable groups; a is an integer of 0, 1 or 2, and 
b is an integer of 0, 1, 2 or 3 With the proviso that the relation, 
Za+b§1, is satis?ed; and m is an integer of0 to 19. 
A reactive silicon group preferable from the vieWpoint of 

economic e?iciency is a group represented by the general 
formula (III): 

(III) 
R23-n 

Wherein R2s and Xs are the same as above, and n is an integer 
of 1, 2 or 3. 

Speci?c examples of the hydrolyZable group in formula 
(11) may include a halogen atom, a hydrogen atom, an alkoxy 
group, an acyloxy group, a ketoxymate group, an amino 
group, an amide group, an aminooxy group, a mercapto group 
and an alkenyloxy group. Among these groups, alkoxy groups 
such as a methoxy group and an ethoxy group are preferable 
from the vieWpoint of moderate hydrolyZability. One to three 
hydrolyZable groups and/or hydroxy groups can bonded to 
one silicon atom, and it is preferable that Za+b falls Within a 
range from 1 to 5. When tWo or more hydrolyZable groups 
and/or hydroxy groups are bonded in a reactive silicon group, 
they may be the same or different. 

Speci?c examples of R2 in formula (11) may include: alkyl 
groups such as a methyl group and an ethyl group; cycloalkyl 
groups such as a cyclohexyl group; aryl groups such as a 
phenyl group; and aralkyl groups such as a benZyl group. R2 
may also be a triorganosiloxy group. Among these groups, a 
methyl group is particularly preferable. 
The reactive silicon group may be formed With one or more 

silicon atoms; When silicon atoms connected by siloxane 
bonds or the like are involved, it may be formed With about 
tWenty silicon atoms. 
More speci?c examples of the reactive silicon group may 

include a trimethoxysilyl group, a triethoxysilyl group, a 
triisopropoxysilyl group, a methyldimethoxysilyl group, a 
methyldiethoxysilyl group and a methyldiisopropoxysilyl 
group. Among these groups, a methyldimethoxysilyl group is 
particularly preferable from the vieWpoints of reactivity, stor 
age stability, mechanical properties after curing and the like. 
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The vinyl polymer as the component (B) of the present 
invention is a polymer Which includes, as the main monomer 
unit components, alkyl acrylate monomer units and/ or alkyl 
methacrylate monomer units each containing an alkyl group 
having 1 to 24 carbon atoms, Wherein a reactive silicon group 
may or may not be bonded Within the molecule of the vinyl 
polymer. 

The alkyl acrylate monomer unit and/or the alkyl meth 
acrylate monomer unit, each containing an alkyl group hav 
ing 1 to 24 carbon atoms, as the monomer units in the above 
polymer, is represented by the general formula (IV): 

R4 

cooR3 

Wherein R4 represents a hydrogen atom or a methyl group, 
and R3 represents an alkyl group having 1 to 24 carbon atoms. 

Examples of R3 in above general formula (IV) may include 
alkyl groups having 1 to 24 carbon atoms such as a methyl 
group, an ethyl group, a propyl group, a n-butyl group, a 
t-butyl group, a 2-ethylhexyl group, a nonyl group, a lauryl 
group, a tridecyl group, a cetyl group, a stearyl group and a 
biphenyl group. The monomer species represented by the 
monomer unit of general formula (IV) may be used each 
alone or in combinations of tWo or more thereof. 

As the alkyl acrylate monomer, those Well known in the art 
can be Widely used. Examples of such alkyl acrylates may 
include: methyl acrylate, ethyl acrylate, n-propyl acrylate, 
n-butyl acrylate, isobutyl acrylate, ter‘t-butyl acrylate, n-hexyl 
acrylate, heptyl acrylate, 2-ethylhexyl acrylate, nonyl acry 
late, decyl acrylate, undecyl acrylate, lauryl acrylate, tridecyl 
acrylate, myristyl acrylate, cetyl acrylate, stearyl acrylate, 
behenyl acrylate and biphenyl acrylate. Also, as the alkyl 
methacrylate monomer unit, those Well knoWn in the art can 
be Widely used. Examples of such alkyl methacrylates may 
include: methyl methacrylate, ethyl methacrylate, n-propyl 
methacrylate, n-butyl methacrylate, isobutyl methacrylate, 
tert-butyl methacrylate, n-hexyl methacrylate, heptyl meth 
acrylate, 2-ethylhexyl methacrylate, nonyl methacrylate, 
decyl methacrylate, undecyl methacrylate, lauryl methacry 
late, tridecyl methacrylate, myristyl methacrylate, cetyl 
methacrylate, stearyl methacrylate, behenyl methacrylate and 
biphenyl methacrylate. 

The molecular chain of the polymer (B) substantially 
includes one or more types of alkyl acrylate monomer units 
and/ or alkyl methacrylate monomer units. Herein, the expres 
sion “substantially includes the above monomer units” means 
that the proportion of the alkyl acrylate monomer units and/ or 
alkyl methacrylate monomer units present in the polymer (B) 
exceeds 50 Wt %, and is preferably 70 Wt % or more; in the 
polymer (B), in addition to the alkyl acrylate monomer unit 
and/or alkyl methacrylate monomer unit, other monomer 
units having copolymerizability With these monomer units 
may be included. Examples of such other monomer units may 
include: acrylic acids such as acrylic acid and methacrylic 
acid; amide group-containing monomers such as acrylamide, 
methacrylamide, N-methylolacrylamide and N-methylol 
methacrylamide; epoxy group-containing monomers such as 
glycidyl acrylate and glycidyl methacrylate; amino group 
containing monomers such as diethylaminoethyl acrylate, 
diethylaminoethyl methacrylate and aminoethyl vinyl ether; 

(IV) 
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6 
polyoxyethylene group-containing monomers such as poly 
oxyethylene acrylate and polyoxyethylene methacrylate; and 
other monomer units such as acrylonitrile, styrene, ot-meth 
ylstyrene, alkyl vinyl ether, vinyl chloride, vinyl acetate, 
vinyl propionate and ethylene. 
The monomer composition of the polymer (B) is selected 

according to the intended use and purpose; for example, When 
the intended use and purpose demand strength, the preferred 
monomer composition is the one having a relatively high 
glass transition temperature, and it is recommended to select 
a monomer composition that yields the polymer (B) having a 
glass transition temperature of 0° C. or higher, more prefer 
ably 200 C. or higher. On the contrary, When the viscosity, the 
Workability, the loW-temperature properties and the like are 
important, the preferred composition is the one having a 
relatively loW glass transition temperature. 

With respect to the molecular Weight of the polymer com 
ponent (B), those polymers (B) having a number average 
molecular Weight of 500 to 100,000 relative to polystyrene 
standard as measured by GPC may be used. 
The polymer (B) may be obtained by means of the common 

vinyl polymerization process or the like. The vinyl polymer 
ization can be carried out in a solvent. Examples of such a 
solvent may include: aromatic solvents such as toluene and 
xylene; alcohol solvents such as n-propyl alcohol, isopropyl 
alcohol, n-butanol, isobutanol, n-hexanol and cyclohexanol; 
ester solvents such as ethyl acetate and butyl acetate; and 
ketone solvents such as methyl isobutyl ketone. Alternatively, 
the polymerization reaction concerned may be carried out in 
a plasticizer. The plasticizer used as polymerization solvent 
may be used as it is as a plasticizer component in a compo 
sition. The polymerization reaction concerned may also be 
carried out in the reactive silicon group-containing polyether 
(A), in an unsaturated group-containing polyether Which is a 
precursor of the polyether (A) or in a hydroxylated polyether 
Which is also a precursor of the polyether (A). The polymer 
ization reaction concerned may be carried out by adding, for 
example, the above monomers, a radical initiator, a chain 
transfer agent and the like and by alloWing the mixture thus 
obtained to react at 50 to 1500 C. 

Examples of such a radical initiator may include azobi 
sisobutyronitrile and benzoyl peroxide; examples of such a 
chain transfer agent may include mercaptanes such as 
n-dodecylmercaptane, t-dodecylmercaptane and laurylmer 
captane, and halogen-containing compounds. 

Various processes are available for the introduction of the 
reactive silicon group into the polymer (B). Examples of such 
processes may include the folloWing processes. HoWever, the 
process concerned is not particularly limited to these 
examples. 

(i) A process in Which an alkyl acrylate monomer and/ or an 
alkyl methacrylate monomer is polymerized in the presence 
of a reactive silicon group-containing mercaptan as a chain 
transfer agent to introduce the reactive silicon groups into the 
molecular terminals. 

(ii) A process in Which an alkyl acrylate monomer and/or 
an alkyl methacrylate monomer is polymerized in the pres 
ence of a compound (for example, acrylic acid) having a 
mercapto group and a reactive functional group (other than a 
silicon group, hereinafter referred to as aY group) as a chain 
transfer agent; thereafter the thus produced polymer is 
reacted With a compound having a reactive silicon group and 
functional groups (hereinafter referred to as Y' groups) 
capable of reacting With the Y group (for example, a com 
pound having an isocyanate group and a iSi(OCH3)3 group) 
to introduce the reactive silicon groups into the molecular 
terminals. 
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(iii) A process in Which an alkyl acrylate monomer and/or 
an alkyl methacrylate monomer is polymerized by using as an 
initiator a reactive silicon group-containing azobisnitrile 
compound or a reactive silicon group-containing disul?de 
compound to introduce the reactive silicon groups into the 
molecular terminals. 

(iv) A process in Which an alkyl acrylate monomer and/or 
an alkyl methacrylate monomer is polymerized by means of 
the living radical polymerization process to introduce the 
reactive silicon groups into the molecular terminals. 

(v) A process in Which a compound having a polymerizable 
unsaturated bond and a reactive silicon group is copolymer 
ized With an alkyl acrylate monomer and/or an alkyl meth 
acrylate monomer by selecting the polymerization conditions 
such as the used amount proportion of the monomers, the 
amount of the chain transfer agent, the amount of the radical 
initiator and the polymerization temperature so that one or 
more reactive silicon groups may be introduced per one mol 
ecule of the copolymer. 

Examples of the reactive silicon group-containing mercap 
tane used as the chain transfer agent described in (i) may 
include y-mercaptopropyltrimethoxysilane, y-mercaptopro 
pylmethyldimethoxysilane and y-mercaptopropyltriethox 
ysilane. 
As the examples of theY group and the Y' group described 

in (ii), there are combinations of various groups; for example, 
an amino group, a hydroxy group or a carboxylic acid group 
may be cited as the Y group, and an isocyanate group may be 
cited as the Y' group. As described in Japanese Patent Laid 
Open Nos. 54-36395, 1-272654 and 2-214759, there may be 
cited another example such that the Y group is an ally group 
and the Y' group is a silicon hydride group (HiSi). In this 
case, theY andY' groups can be bonded to each other through 
the hydrosilylation reaction in the presence of a group Vlll 
transition metal. 

Examples of the reactive silicon group-containing azobis 
nitrile compound and the reactive silicon group-containing 
disul?de compound described in (iii) may include an alkox 
ysilyl group-containing azobisnitrile compound and an 
alkoxysilyl group-containing disul?de compound described 
in Japanese Patent Laid-Open Nos. 60-23405 and 62-70405, 
and the like. 

Examples of the process described in (iv) may include a 
process of atom transfer radical polymerization described in 
Japanese Patent Laid-Open No. 9-272714 and the like. 

Examples of the compound having a polymerizable unsat 
urated bond and a reactive silicon group described in (v) may 
include a monomer represented by the general formula (V): 

Wherein R5 represents a divalent alkylene group having 1 to 6 
carbon atoms, and R2, R4, X, a, b and m are the same as 
described above, or a monomer represented by the general 
formula (V l): 

Wherein R2, R4, X, a, b and m are the same as described above, 
namely, y-methacryloxypropylalkylpolyalkoxysilanes such 
as y-methacryloxypropyltrimethoxysilane, y-methacrylox 
ypropylmethyldimethoxysilane and y-methacryloxypropyl 
triethoxysilane; y-acryloxypropylalkylpolyalkoxysilanes 
such as y-acryloxypropyltrimethoxysilane, y-acryloxypropy 
lmethyldimethoxysilane and y-acryloxypropyltriethoxysi 
lane; and vinylalkylpolyalkoxysilanes such as vinyltri 
methoxysilane, vinylmethyldimethoxysilane and 
vinyltriethoxysilane. As for the type of the reactive silicon 
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group contained in the acrylic polymer (B), a silicon group 
having on the silicon atom thereof 1 to 3 reactive groups can 
be used. 
As for the Weight ratio (A)/ (B) betWeen the polymer (A) 

and the polymer (B) of the present invention, the production 
is possible over any Wide range of the Weight ratio. In general, 
as (A)/ (B) becomes relatively small, mechanical strength and 
high Weather resistance are provided. 

<Curable Compositions> 
The polymer of the present invention can be added With 

various compounding agents according to the desired physi 
cal properties. 

<Curing Catalysts and Curing Agents> 
The polymer of the present invention can be added With a 

curing catalyst. A polymer having cross-linking silyl groups 
undergoes cross-linking to be cured through formation of 
siloxane bonds in the presence or absence of one of various 
condensation catalysts Well knoWn in the art. Various forms 
and characters of cured substances can be produced depend 
ing on the molecular Weights and main chain skeletons of the 
polymers, Widely ranging from rubbery to resin-like cured 
substances. 
Examples of such condensation catalysts may include: 

dialkyltin dicarboxylates such as dibutyltin dilaurate, dibu 
tyltin diacetate, dibutyltin diethylhexanoate, dibutyltin dio 
ctate, dibutyltin dimethylmaleate, dibutyltin diethylmaleate, 
dibutyltin dibutylmaleate, dibutyltin diisooctylmaleate, dibu 
tyltin ditridecylmaleate, dibutyltin dibenzylmaleate, dibutyl 
tin maleate, dioctyltin diacetate, dioctyltin distearate, dioctyl 
tin dilaurate, dioctyltin diethylmaleate and dicotyltin 
diisooctylmaleate; dialkyltin alkoxides such as dibutyltin 
dimethoxide and dibutyltin diphenoxide; intramolecular 
coordination derivatives of dialkyltins such as dibutyltin 
diacetylacetonate and dibutyltin diethylacetoacetate; reac 
tion products betWeen dialkyltin oxides such as dibutyltin 
oxide and dioctyltin oxide and ester compounds such as dio 
ctylphthalate, diisodecylphthalate and methylmaleate; reac 
tion products betWeen dialkyltin oxides and silicate com 
pounds such as dibutyltin bistriethoxysilicate and dioctyltin 
bistriethoxysilicate; tetravalent tin compounds such as oxy 
derivatives of the above described dialkyltin compounds (st 
annoxane compounds); divalent tin compounds such as tin 
octylate, tin naphthenate, tin stearate and tin feruzatate, and 
reaction products and mixtures of these divalent tin com 
pounds With amine compounds such as laurylamine to be 
described later; monoalkyltins such as monobutyltin com 
pounds including monobutyltin tri soctoate and monobutyltin 
triisopropoxide and monooctyltin compounds; titanates such 
as tetrabutyl titanate, tetrapropyl titanate, tetra(2-ethylhexyl) 
titanate and isopropoxytitanium bis(ethylacetoacetate); orga 
noaluminum compounds such as aluminum trisacetylaceto 
nate, aluminum trisethylacetoacetate and 
diisopropoxyaluminum ethylacetoacetate; metal salts of car 
boxylic acids (2-ethylhexanoic acid, neodecanoic acid, ver 
satic acid, oleic acid, naphthenic acid and the like) such as 
bismuth carboxylates, iron carboxylates, titanium carboxy 
lates, lead carboxylates, vanadium carboxylates, zirconium 
carboxylates, calcium carboxylates, potassium carboxylates, 
barium carboxylates, manganese carboxylates, cerium car 
boxylates, nickel carboxylates, cobalt carboxylates, zinc car 
boxylates and aluminum carboxylates, and reaction products 
and mixtures of these metal carboxylates With amine com 
pounds such as laurylamine to be described later; chelate 
compounds such as zirconium tetraacetylacetonate, zirco 
nium tributoxy acetylacetonate, dibutoxy zirconium diacety 
lacetonate, zirconium acetylacetonate bis(ethylacetoacetate) 
and titanium tetraacetylacetonate; aliphatic primary amines 
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such as methylamine, ethylamine, propylamine, isopropy 
lamine, butylamine, amylamine, hexylamine, octylamine, 
2-ethylhexylamine, nonylamine, decylamine, laurylamine, 
pentadecylamine, cetylamine, stearylamine and cyclohexy 
lamine; aliphatic secondary amines such as dimethylamine, 
diethylamine, dipropylamine, diisopropylamine, dibuty 
lamine, diamylamine, dioctylamine, di(2-ethylhexyl)amine, 
didecylamine, dilaurylamine, dicetylamine, distearylamine, 
methylstearylamine, ethylstearylamine and butylsteary 
lamine; aliphatic tertiary amines such as triamylamine, tri 
hexylamine and trioctylamine; unsaturated aliphatic amines 
such as triallylamine and oleylamine; aromatic amines such 
as laurylaniline, stearylaniline and triphenylamine; other 
amine compounds such as monoethanolamine, diethanola 
mine, triethanolamine, diethylenetriamine, triethylenetetra 
mine, oleylamine, cyclohexylamine, benZylamine, diethy 
laminopropylamine, xylylenediamine, ethylenediamine, 
hexamethylenediamine, triethylenediamine, guanidine, 
diphenylguanidine, 2,4,6-tris(dimethylaminomethyl)phenol, 
morpholine, N-methylmorpholine, 2-ethyl-4-methylimida 
Zole and 1,8-diaZabicyclo(5,4,0)undecene-7 (DBU), and salts 
of these amines With carboxylic acids and the like; reaction 
products and mixtures betWeen amine compounds and 
organic tin compounds such as the reaction product and the 
mixture betWeen laurylamine and tin octylate; loW molecular 
Weight polyamide resins obtained from excessive polyamines 
and polybasic acids; reaction products betWeen excessive 
polyamines and epoxy compounds; and y-aminopropyltri 
methoxysilane, y-aminopropyltriethoxysilane, y-aminopro 
pyltriisopropoxysilane, y -aminopropylmethyldimethoxysi - 
lane, y-aminopropylmethyldiethoxysilane, N-(B 
aminoethyl)aminopropyltrimethoxysilane, N-(B 
amino ethyl)aminopropylmethyldimethoxysilane, N- ([3 - 
aminoethyl)aminopropyltriethoxysilane, N-(B-aminoethyl) 
aminopropylmethyldiethoxysilane, N-(B-aminoethyl) 
aminopropyltriisopropoxysilane, 
y-ureidopropyltrimethoxysilane, N-phenyl-y-aminopropylt 
rimethoxysilane, N-benZyl-y-aminopropyltrimethoxysilane 
and N-vinylbenZyl-y-aminopropyltriethoxysilane. Examples 
of such condensation catalysts may also include: silanol con 
densation catalysts as derivatives of these compounds 
obtained by modi?cation thereof, namely, amino group-con 
taining silane coupling agents such as amino-modi?ed silyl 
polymer, silylated aminopolymer, unsaturated aminosilane 
complex, phenylamino-long chain alkylsilane and aminosi 
lylated silicone; and other silanol condensation catalysts Well 
knoWn in the art, namely, acidic catalysts such as fatty acids 
inclusive of versatic acid and organic acidic phosphate com 
pounds and basic catalysts. Speci?c examples of the organic 
acidic phosphate compounds may include the folloWing com 
pounds, but the organic acidic phosphate compounds are not 
limited to these examples shoWn beloW. 
(CH3O)FP(:O><*OH), (CH30)*P(:0)(*0H>2, 
(czHsobiPeoxwH), (C2H50)*P(:0)(*0H)2, 
(C3H7O)2*P(:O)(4OH)s (C3H7O)*P(:O)(*OH)2s 
(C4H9O)2*P(:O)(%3H), (C4H9O)*P(:O)(*OH)2, 
(CsH17O)2*P(:O)(*OH): (CsH17O)*P(:O)(*OH)2, 
(C10H21O)2*P(:O)(4OH): (C10H21O)*P(:O) 
(4314)» (C13H27O)2*P(:O)(%3H), (C13H27O)*P 
(:O)(4OH)2s (C16H33O)2iP(:O)(4OH)5 (C1 6H33O)i 
P(:O)(%3H)2, (HO%6H12O)2*P(:O)(A3H), (HOi 
C6H12O)*P(:O)(*OH)2, (HO*C8H16O)*P(:O)(* 
OH), (HOiC8Hl6O)iP(:O)(A)H)2, [(CH2OH) 
(CHOH)O]2iP(:O)(A)H), [(CH2OH)(CHOH)O]iP 
(IOXADHL, [(CHZOH)(CHOH)C2H4Ol2*P(:O)(* 
OH), [(CH2OH)(CHOH)C2H4O]iP(:O)(A)H)2. 
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The combinations of these organic acids With amines are 

high in catalytic activity, and are thereby more preferable 
from the vieWpoint of being capable of reducing the used 
amounts thereof. Among the combinations of the organic 
acids With amines, the combination of an acidic phosphate 
With an amine and the combination of an organic carboxylic 
acid With an amine, particularly, the combination of an 
organic acidic phosphate With an amine and the combination 
of an aliphatic carboxylic acid With an amine are preferable 
from the vieWpoints of the higher catalytic activity and the 
rapid curability. 

These catalysts may be used each alone or in combinations 
of tWo or more thereof. The blended amount of each of these 
condensation catalysts is preferably approximately 0.01 to 20 
parts (by Weight, here and also in What folloWs), and more 
preferably 0.5 to 5 parts in relation to 100 parts of a cross 
linking silyl group-containing polymer. When the blended 
amount of the silanol condensation catalyst is less than the 
above ranges, sometimes the curing rate becomes sloW, and 
the curing reaction hardly proceeds to a su?icient extent. On 
the other hand, the blended amount of the silanol condensa 
tion catalyst exceeds the above ranges, local heat generation 
and local foaming occur When curing, and a satisfactory cured 
substance can hardly be obtained, and additionally the pot life 
becomes too short, so that such a large blended amount of the 
catalyst concerned is not preferable also from the vieWpoint 
of Workability. No particular constraint is imposed on the 
catalyst concerned, but tin-based curing catalysts give satis 
factory results in the sense that such catalysts permit easily 
controlling the curability. 

In the polymer of the present invention, the above 
described amino group-containing silane coupling agents 
may be used as cocatalysts for the purpose of further enhanc 
ing the activity of each of the condensation catalysts, simi 
larly to the cases of the amine compounds. These amino 
group-containing silane coupling agents each are a com 
pound Which has at least a group (hereinafter referred to as a 
hydrolyZable silyl group) containing at least a silicon atom 
bonded to at least a hydrolyZable group and has an amino 
group; among such hydrolyZable groups as already cited for 
example, a methoxy group, an ethoxy group and the like are 
preferable from the vieWpoint of hydrolysis rate. The number 
of the hydrolyZable groups is preferably 2 or more, and par 
ticularly preferably 3 or more. 
The blended amount of each of these amine compounds is 

preferably approximately 0.01 to 50 parts by Weight, and 
more preferably 0.1 to 20 parts by Weight in relation to 100 
parts by Weight of a cross-linking silyl group-containing 
polymer. When the blended amount of the amine compound 
is less than 0.01 part by Weight, sometimes the curing rate 
becomes sloW, and the curing reaction hardly proceeds to a 
suf?cient extent. On the other hand, When the blended amount 
of the amine compound exceeds 30 parts by Weight, some 
times the pot life becomes too short, unpreferably also from 
the vieWpoint of Workability. 

These amine compounds may be used each alone and as 
mixtures of tWo or more thereof. 

Silicon compounds having no amino groups and no silanol 
groups may also be added as cocatalysts. No particular con 
straint is imposed on these silicon compounds, and preferable 
are phenyltrimethoxysilane, phenylmethyldimethoxysilane, 
phenyldimethylmethoxysilane, diphenyldimethoxysilane, 
diphenyldiethoxysilane and triphenylmethoxysilane. In par 
ticular, diphenyldimethoxysilane and diphenyldiethoxysi 
lane are most preferable because of loW cost and ease of 
availability. 
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The blended amount of each of these silicon compounds is 
preferably 0.01 to 20 parts, and more preferably 0.1 to 10 
parts in relation to 100 parts of a cross-linking silyl group 
containing polymer. When the blended amount of the silicon 
compound is less than the above ranges, sometimes the effect 
of accelerating the curing reaction becomes small. On the 
other hand, When the blended amount of the silicon com 
pound exceeds the above ranges, sometimes the hardness and 
the tensile strength of the cured substance are decreased. 

The type and the addition amount of the curing catalyst/ 
curing agent can control the curability, the mechanical prop 
erties and the like of the present invention, according to the 
intended purposes and applications. Also, depending on the 
reactivity of the silyl group of the cross-linking silyl group 
containing polymer, the type and the addition amount of the 
curing catalyst/curing agent can be varied in such a Way that 
When the reactivity concerned is high, curing can be su?i 
ciently carried out With a small addition amount falling in a 
range from 0.01 to 1 part. 

<Dehydrating Agents> 
A dehydrating agent to remove the moisture in the compo 

sition of the present invention can be added to the composi 
tion, for the purpose of improving the storage stability 
thereof. As the dehydrating agent, for example, the folloWing 
compounds can be blended each alone or in combinations of 
tWo or more thereof: silane compounds, silane coupling 
agents and partial hydrolysis condensates thereof such as 
vinyltrimethoxysilane, methyltrimethoxysilane, ethyl sili 
cate, partial hydrolysis condensate of ethyl silicate, methyl 
silicate, a partial hydrolysis condensate of methyl silicate, 
y-aminopropyltrimethoxysilane, y-glycidoxypropyltri 
methoxysilane, N-([3-aminoethyl)-y-aminopropyltrimethox 
ysilane, y-acryloylpropyltrimethoxysilane, y-glycidoxypro 
pyltrimethoxysilane, y-mercaptopropyltrimethoxysilane and 
N-(B-aminoethyl)-y-aminopropylmethyldimethoxysilane. 

<Adhesion-lmparting Agents> 
Silane coupling agents and adhesion-imparting agents 

other than the silane coupling agents can be added to the 
composition of the present invention. Addition of an adhe 
sion-imparting agent can reduce, in a more advanced manner, 
the risk that a sealant is detached from adherends such as 
siding boards through the moving of joint Width and the like 
caused by external force. Sometimes, an adhesion-imparting 
agent makes it unnecessary to use a primer to improve adhe 
sion, so that a simpli?cation of construction operation can be 
expected. Speci?c examples of the silane coupling agents 
may include silane coupling agents having functional groups 
such as an amino group, a mercapto group, an epoxy group, a 
carboxyl group, a vinyl group, an isocyanate group, an iso 
cyanurate group and a halogen atom, namely: isocyanate 
group-containing silanes such as y-isocyanatepropyltri 
methoxysilane, y-isocyanatepropyltriethoxysilane, y-isocy 
anatepropylmethyldiethoxysilane and y-isocyanatepropylm 
ethyldimethoxysilane; amino group-containing silanes such 
as y-aminopropyltrimethoxysilane, y-aminopropyltriethox 
ysilane, y-aminopropyltriisopropoxysilane, y-aminopropyl 
methyldimethoxysilane, y-aminopropylmethyldiethoxysi 
lane, y-(2-aminoethyl)aminopropyltrimethoxysilane, y-(2 
aminoethyl)aminopropylmethyldimethoxysilane, y-(2 
aminoethyl)aminopropyltriethoxysilane, y-(2-aminoethyl) 
aminopropylmethyldiethoxysilane, y-(2-aminoethyl) 
aminopropyltriisopropoxysilane, 
y-ureidopropyltrimethoxysilane, N-phenyl-y-aminopropylt 
rimethoxysilane, N-benZyl-y-aminopropyltrimethoxysilane 
and N-vinylbenZyl-y-aminopropyltriethoxysilane; mercapto 
group-containing silanes such as y-mercaptopropyltri 
methoxysilane, y-mercaptopropyltriethoxysilane, y-mercap 
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12 
topropylmethyldimethoxysilane and y-mercaptopropylmeth 
yldiethoxysilane; epoxy group-containing silanes such as 
y-glycidoxypropyltrimethoxysilane, y-glycidoxypropyltri 
ethoxysilane, y-glycidoxypropylmethyldimethoxysilane, 
[3-(3,4-epoxycyclohexyl)ethyltrimethoxysilane and [3-(3,4 
epoxycyclohexyl)ethyltriethoxysilane; carboxysilanes such 
as [3-carboxyethyltriethoxysilane, [3-carboxyethylphenylbis 
(2 -methoxyethoxy) silane and N-[3 -(carboxymethyl)aminoet 
hyl-y-aminopropyltrimethoxysilane; vinylic unsaturated 
group-containing silanes such as vinyltrimethoxysilane, 
vinyltriethoxysilane, y-methacryloyloxypropylmeth 
yldimethoxysilane and y-acryloyloxypropylmethyltri 
ethoxysilane; halogen-containing silanes such as y-chloro 
propyltrimethoxysilane; and isocyanurate silanes such as tris 
(trimethoxysilyl)isocyanurate. The reaction products 
betWeen the above amino group-containing silanes and the 
above epoxy group-containing silanes, the reaction products 
betWeen the above amino group-containing silanes and the 
above acryloyloxy group-containing silanes, and the reaction 
products betWeen the above amino group-containing silanes 
and the above isocyanate group-containing silanes can also be 
used. The derivatives obtained by modifying these com 
pounds, such as amino modi?ed silylpolymer, silylated ami 
nopolymer, unsaturated aminosilane complex, phenylamino 
long chain alkylsilane, aminosilylated silicone, blocked 
isocyanate silane and silylated polyester can also be used as 
silane coupling agents. The ketimine compounds and the like 
obtained by the reactions betWeen the above amino group 
containing silanes and ketone compounds such as methyl 
isobutyl ketone can also be used as silane coupling agents. 
The silane coupling agents used in the present invention are 

usually used in a range from 0.1 to 20 parts, and particularly 
preferably in a range from 0.5 to 10 parts, in relation to 100 
parts of a cross-linking silyl group-containing polymer. The 
effect of a silane coupling agent added to the polymer of the 
present invention is such that marked adhesion improvement 
effects are attained under either non-primer conditions or 
primer-treatment conditions When the silane coupling agent 
is applied to various types of adherends, namely, inorganic 
substrates made of glass, aluminum, stainless steel, Zinc, 
copper and mortar and organic substrates made of polyvinyl 
chloride, acrylic resin, polyester, polyethylene, polypropy 
lene and polycarbonate. When the silane coupling agent is 
applied under non-primer conditions, improvement effect of 
adhesion to various adherends is particularly remarkable. 
No particular constraint is imposed on the adhesion-im 

parting agents other than the silane coupling agents, and 
speci?c examples of such the adhesion-imparting agents 
other than silane coupling agents include epoxy resin, phe 
nolic resin, sulfur, alkyl titanates and aromatic polyisocyan 
ates. Epoxy resin can be used through reaction With the above 
amino group-containing silanes. 

These adhesion-imparting agents may be used each alone 
or as mixtures of tWo or more thereof. Addition of these 

adhesion-imparting agents permits improving adhesion to 
adherends. Without imposing any particular constraint, it is 
preferable to concomitantly use 0.1 to 20 parts by Weight of a 
silane coupling agent among these adhesion-imparting 
agents, for the purpose of improving the adhesion, in particu 
lar, the adhesion to the surface of a metal adherend such as an 
oil pan. 

<PlasticiZers> 
Various plasticiZers may be used according to need in the 

polymer of the present invention. Use of a plasticiZer in 
combination With a ?ller to be described later provides more 
advantageous effects such that elongation of the cured sub 
stance can be made larger and mixing of a large amount of 
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?ller is also made possible, Without necessitating the addition 
of such a plasticizer. No particular constraint is imposed on 
the plasticizer. However, speci?c examples of the plasticizers 
meeting the purpose of adjusting physical properties, charac 
ters and the like may include: phthalates such as dibutyl 
phthalate, diheptyl phthalate, di(2-ethylhexyl)phthalate, dii 
sodecyl phthalate and butyl benzyl phthalate; nonaromatic 
dibasic acid esters such as dioctyl adipate, dioctyl sebacate, 
dibutyl sebacate and isodecyl succinate; aliphatic esters such 
as butyl oleate and methyl acetylrecinoleate; esters of poly 
alkylene glycols such as diethylene glycol dibenzoate, trieth 
ylene glycol dibenzoate and pentaerythritol ester; phosphates 
such as tricresyl phosphate and tributyl phosphate; trimelli 
tates; polystyrenes such as polystyrene and poly-ot-methyl 
styrene; polybutadiene, polybutene, polyisobutylene, butadi 
ene-acrylonitrile and polychloroprene; chlorinated para?ins; 
hydrocarbon oils such as alkyldiphenyls and partially hydro 
genated terphenyls; process oils; polyether polyols such as 
polyethylene glycol, polypropylene glycol and polytetram 
ethylene glycol, and polyethers such as the derivatives 
obtained from these polyether polyols by converting the 
hydroxy groups thereof to other groups such as ester groups 
and ether groups; epoxy group-containing plasticizer such as 
epoxidized soybean oil, benzyl epoxystearate and E-PS; 
polyester plasticizers obtained from dibasic acids such as 
sebacic acid, adipic acid, azelaic acid and phthalic acid and 
dihydric alcohols such as ethylene glycol, diethylene glycol, 
triethylene glycol, propylene glycol and dipropylene glycol; 
and vinyl polymers, inclusive of acrylic plasticizers, obtained 
by polymerizing vinyl monomers through various methods. 
Among these plasticizers, polymer plasticizers each hav 

ing a number average molecular Weight of 500 to 15,000, 
When added to a curable composition, can regulate the vis 
cosity and the slump property of the curable composition and 
the mechanical properties such as tensile strength and elon 
gation of the cured substance obtained by curing the compo 
sition, can maintain initial physical properties over a longer 
period of time as compared to a loW molecular Weight plas 
ticizer, namely, a plasticizer containing no polymer compo 
nents in the molecule thereof, and can also improve the drying 
property (also referred to as coating property) in the case 
Where an alkyd coating material is applied onto the cured 
substance. The polymer plasticizers concerned are not con 
strained in such a Way that they may have or may not have 
functional groups. 

Although the number average molecular Weight of the 
polymer plasticizer described above is from 500 to 15,000, it 
is preferably 800 to 10,000, and more preferably 1,000 to 
8,000. When the molecular Weight is too loW, the plasticizer 
bleeds With time due to heat and rainfall, so that the initial 
physical properties cannot be maintained over a long period 
of time, and the alkyd coating property cannot be improved. 
On the other hand, When the molecular Weight is too high, the 
viscosity becomes high to degrade the Workability. 
Among these polymer plasticizers, polyether plasticizers 

and (meth)acrylic polymer plasticizers are preferable from 
the vieWpoint of high elongation or high Weather resistance. 
From the vieWpoint of the methods for synthesizing acrylic 
polymers, acrylic polymers obtained by conventional solu 
tion polymerization, those obtained by conventional solvent 
free polymerization and the like may be cited. The latter 
acrylic plasticizers are prepared by means of a high-tempera 
ture continuous polymerization method (U.S. Pat. No. 4,414, 
370, Japanese Patent Laid-Open No. 59-6207, Japanese 
Patent Publication No. 5-58005, Japanese Patent Laid-Open 
No. 1-313522, U.S. Pat. No. 5,010,166) Without using any 
solvent and chain transfer agent, and accordingly are more 
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14 
preferable for the obj ect of the present invention. Examples of 
such polymers may include, Without imposing any particular 
constraint, ARUFONTM UP series (UP-1000, UP-1110, 
UP-2000 and UP-2 130)(referred to as SGO) manufactured by 
Toagosei Co., Ltd. (See Bosui Journal (Waterproof Journal), 
June, 2002). Needless to say, the methods for synthesizing 
acrylic polymers also include the living radical polymeriza 
tion method as an alternative one. This method is preferable 
because it leads to a narroW molecular Weight distribution of 
a polymer obtained thereby and permits attaining a loW vis 
cosity of the polymer, and the atom transfer radical polymer 
ization method is more preferable, but the methods for syn 
thesizing acrylic polymers are not limited to these methods. 
No particular constraint is imposed on the molecular 

Weight distribution of a polymerplasticizer, but the molecular 
Weight distribution is preferably narroW from the vieWpoint 
of viscosity, in such a Way that it is preferably 1.8 or less, more 
preferably 1.7 or less, furthermore preferably 1.6 or less, yet 
furthermore preferably 1.5 or less, particularly preferably 1.4 
or less, and most preferably 1.3 or less. 
The above described plasticizers inclusive of polymer plas 

ticizers may be used each alone or in combinations of tWo or 
more thereof, but are not necessarily needed. Also, according 
to need, a polymer plasticizer may be used, and a loW molecu 
lar Weight plasticizer may be used in combination thereWith 
Within an amount range not to adversely affect the physical 
properties. From the vieWpoint of compatibility With a mix 
ture of the components (A), (B) and (C), phthalates and 
acrylic polymers are particularly preferable. 

Here, it may be noted that it is possible to blend these 
plasticizers at the time of polymer preparation. 
No constraint is imposed on the used amount of a plasti 

cizer, but it is 5 to 150 parts by Weight, preferably 10 to 120 
parts by Weight and more preferably 20 to 100 parts by 
Weight, in relation to 100 parts by Weight of a cross-linking 
silyl group -containing polymer. When the used amount is less 
than 5 parts by Weight, the plasticizer effect is hardly attained, 
While When the used amount exceeds 150 parts by Weight, the 
mechanical strength of the cured substance tends to be insuf 
?ciently. 

<Fillers> 
Various ?llers may be used according to need in the poly 

mer of the present invention. No particular constraint is 
imposed on the ?llers. HoWever, speci?c examples of the 
?llers may include: reinforcing ?llers such as Wood ?our, 
pulp, cotton chip, asbestos, glass ?ber, carbon ?ber, mica, 
Walnut hull poWder, rice hull poWder, graphite, diatomite, 
White earth, silica (fumed silica, precipitated silica, crystal 
line silica, fused silica, dolomite, anhydrous silicic acid, 
hydrous silicic acid, amorphous spherical silica and the like) 
and carbon black; ?llers such as ground calcium carbonate, 
precipitated calcium carbonate, magnesium carbonate, diato 
mite, sintered clay, clay, talc, titanium oxide, bentonite, 
organic bentonite, ferric oxide, red iron oxide, aluminum ?ne 
poWder, ?int poWder, zinc oxide, active zinc White, zinc dust, 
zinc carbonate, shirasu balloon, glass microballoon, organic 
microballoons of phenolic resin and vinylidene chloride 
resin, and resin poWders such as PVC poWder and PMMA 
poWder; and ?brous ?llers such as asbestos, glass ?ber, glass 
?lament, carbon ?ber, Kevlar ?ber and polyethylene ?ber. 
Among these ?llers, precipitated silica, fumed silica, crys 

talline silica, fused silica, dolomite, carbon black, calcium 
carbonate, titanium oxide, talc and the like are preferable. 

In particular, When it is desired to obtain a cured substance 
having a high transparency or a high strength by use of these 
?llers, there may be added at least one ?ller mainly selected 
from the set consisting of fumed silica, precipitated silica, 
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anhydrous silicic acid, hydrous silicic acid, carbon black, 
surface-treated ?ne calcium carbonate, crystalline silica, 
fused silica, sintered clay, clay, active Zinc White and the like. 
Among these ?llers, preferable is an ultra?ne powdery silica 
Which has a speci?c surface area (based on the BET adsorp 
tion method) of 50 m2/ g or more, usually approximately 50 to 
400 m2/g, and preferably approximately 100 to 300 m2/g. 
Silicas With the surface thereof subj ected in advance to hydro 
phobic treatment With organic silicon compounds such as 
organosilane, organosilaZane and diorganocyclopolysiloxane 
are further preferable. 
More speci?c examples of the highly reinforcing silica 

?llers may include, Without imposing any particular con 
straint, Aerosil, a fumed silica, manufactured by Japan Aero 
sil Co., Ltd. and Nipsil, a precipitated silica, manufactured by 
Nippon Silica Industrial Co., Ltd. 

Transparency can also be obtained by using, as a ?ller, a 
resin poWder such as PMMA poWder and the like. 
When it is desired to obtain a cured substance having a loW 

strength and a large elongation, there may be added at least 
one ?ller mainly selected from the set consisting of titanium 
oxide, calcium carbonate, talc, ferric oxide, Zinc oxide, 
shirasu balloon and the like. In general, as for calcium car 
bonate, When it has a small speci?c surface area, su?icient 
improvement effects of the strength at break, the elongation at 
break, the adhesion and the Weather resistant adhesion of the 
cured substance are not attained as the case may be; the larger 
is the speci?c surface area, the larger are the improvement 
effects of the strength at break, the elongation at break, the 
adhesion and the Weather resistant adhesion of the cured 
substance. 

Additionally, it is more preferable that calcium carbonate is 
subjected to a surface treatment With a surface treatment 
agent. It is understood that When a surface-treated calcium 
carbonate is used, as compared to the case Where a non 
surface-treated calcium carbonate is used, the Workability of 
the composition of the present invention is improved, the 
improvement effects of the adhesion and Weather resistant 
adhesion of the curable composition are further elevated. As 
the surface treatment agent, there are used organic matters 
and various surfactants such as fatty acids, fatty acid soaps 
and fatty acid esters; and various coupling agents such as 
silane coupling agents and titanate coupling agents. Speci?c 
examples may include, Without limiting the surface treatment 
agents to these examples, fatty acids such as caproic acid, 
caprylic acid, peralgonic acid, capric acid, undecanoic acid, 
lauric acid, myristic acid, palmitic acid, stearic acid, behenic 
acid and oleic acid; sodium and potassium salts of these fatty 
acids; and alkyl esters of these fatty acids. Speci?c examples 
of the surfactants may include polyoxyethylenealkylether 
sulfate and long-chain alcohol sulfates; sulfate anionic sur 
factants such as sodium and potassium salts of these sulfates; 
and alkyl benZenesulfonic acids, alkyl naphthalenesulfonic 
acids, paraf?nsulfonic acids, ot-ole?nsulfonic acid and alkyl 
sulfosuccinic acid, and sulfonate anionic surfactants such as 
sodium and potassium salts of these acids. Calcium carbonate 
is preferably treated With a used amount of each of these 
surface treatment agents falling Within a range from 0.1 to 20 
Wt % in relation to calcium carbonate, and more preferably 
Within a range from 1 to 5 Wt %. When the used amount is less 
than 0.1 Wt %, sometimes the improvement effects of the 
Workability, the adhesion and the Weather resistant adhesion 
are not attained to suf?cient extents, While When the used 
amount exceeds 20 Wt %, sometimes the storage stability of 
the curable composition is degraded. 

Without imposing any particular constraint, it is preferable 
that When calcium carbonate is used, precipitated calcium 
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carbonate is adopted as the calcium carbonate, particularly 
for the case Where the improvement effect of the thixotropy of 
the composition and the improvement effects of the strength 
at break, the elongation at break, the adhesion, the Weather 
resistant adhesion and the like of the cured substance are 
desired. 

On the other hand, ground calcium carbonate is sometimes 
added for the purposes of decreasing the viscosity of the 
composition, extending the composition and reducing the 
cost of the composition and other purposes; in such cases, the 
folloWing types of ground calcium carbonate can be used 
according to need. 

Ground calcium carbonate means a product obtained by 
mechanically crushing and processing natural chalk, marble, 
limestone or the like. The crushing method includes a dry 
crushing method and a Wet crushing method. A Wet crushed 
product is often unpreferable because it frequently degrade 
the storage stability of the composition. Ground calcium car 
bonate is classi?ed into various products each having differ 
ent average particle siZe. When the improvement effects of 
the strength at break, the elongation at break, the adhesion and 
the Weather resistant adhesion of the cured substance are 
desired, the speci?c surface area of the crushed product is 
preferably 1.5 m2/ g or more and 50 m2/ g or less, more pref 
erably 2 m2/g or more and 50 m2/g or less, furthermore 
preferably 2.4 m2/ g or more and 50 m2/ g or less, and particu 
larly preferably 3 m2/ g or more and 50 m2/ g or less, Without 
imposing any particular constraint. When the speci?c surface 
area is less than 1.5 m2/g, the improvement effects of the 
crushed product are sometimes not suf?cient. Needless to say, 
for the purpose of simply decreasing the viscosity of the 
composition or extending the composition, the above 
described surface area ranges are not to be applied. 

The value of the speci?c surface area means a value mea 
sured on the basis of the air permeation method (a method for 
measuring the speci?c surface area from the permeability of 
air for a poWder charged layer) in conformity With JIS K 
5101. It is preferable to use, as a measurement apparatus, an 
SS-100 speci?c surface area measurement apparatus manu 
factured by ShimadZu Corporation. 

These fullers may be used each alone or in combinations of 
tWo or more thereof, according to the purpose or need. With 
out imposing any particular constraint, for example, When a 
ground calcium carbonate having a speci?c surface area of 
1.5 m2/ g or more is used in combination With precipitated 
calcium carbonate, the increase of the viscosity of the com 
position is moderately suppressed, and the improvement 
effects of the strength at break, the elongation at break, the 
adhesion and the Weather resistant adhesion of the cured 
substance can be highly expected to be achieved. 

When a ?ller is used, the addition amount of the ?ller falls 
Within a range preferably from 5 to 1,000 parts by Weight, 
more preferably from 20 to 500 parts by Weight, and particu 
larly preferably from 40 to 300 parts by Weight, in relation to 
100 parts by Weight of a cross-linking silyl group-containing 
polymer. When the blended amount is less than 5 parts by 
Weight, sometimes the improvement effects of the strength at 
break, the elongation at break, the adhesion and the Weather 
resistant adhesion of the cured substance are not suf?ciently 
attained, While When the blended amount exceeds 1 ,000 parts 
by Weight, sometimes the Workability of the curable compo 
sition is degraded. These ?llers may be used each alone or in 
combinations of tWo or more thereof. 
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<HolloW Microparticles> 
For the purpose of reducing Weight and cost Without sig 

ni?cantly degrading physical properties, a hollow micropar 
ticle material may be used in combination With these rein 
forcing ?llers. 
No particular constraint is imposed on such a holloW 

microparticle (hereinafter referred to as balloon). However, 
as described in “New Technology for Functional Fillers (in 
Japanese, “Kinousei Filler no Saishin Gijutsu” published by 
CMC Publishing Co., Ltd.), examples of such a holloW 
microparticle may include holloW particles constituted With 
inorganic or organic materials having a diameter of 1 mm or 
less, preferably 500 pm or less, and more preferably 200 pm 
or less. In particular, holloW microparticles having a true 
speci?c gravity of 1.0 g/cm3 or less are preferably used, and 
holloW microparticles having a true speci?c gravity of 0.5 
g/cm3 or less are more preferably used. 

Examples of the inorganic balloon may include silicate 
balloons and non-silicate balloons. Examples of the silicate 
balloons may include shirasu balloon, perlite, glass (silica) 
balloon and ?y ash balloon; and examples of the non-silicate 
balloons may include alumina balloon, Zirconia balloon and 
carbon balloon. Speci?c examples of these inorganic bal 
loons may include the folloWing commercially available bal 
loons: shirasu balloons such as Uinraito manufactured by 
ldichi Chemical Co., Ltd., Sankilite manufactured by Sanki 
Engineering Co., Ltd.; glass (silica) balloons such as Fuji 
Balloon manufactured by Fuji Sylysia Chemical Ltd., Karuun 
manufactured by Nippon Sheet Glass Co., Ltd., Serusuta 
Z-28 manufactured by Sumitomo 3M Ltd., Micro Balloon 
manufactured by Emerson & Cuming, lnc., Celamic Glass 
modules manufactured by Pittsburge Corning Corp., Glass 
Bubbles manufactured by 3M Corp., Q-Cel manufactured by 
Asahi Glass Co., Ltd. and E-Spheres manufactured by 
Taiheiyo Cement Corp.; ?y ash balloons such as Cerospheres 
manufactured by Pfamarketing and Fillite manufactured by 
Fillite U.S.A. lnc.; alumina balloons such as BW manufac 
tured by ShoWa Denko K.K.; Zirconia balloons such as Hol 
loW Zirconium Sphees manufactured by Zircoa, Inc.; and 
carbon balloons such as Kreca Sphere manufactured by 
Kureha Chemical Industry Co., Ltd. and Carbosphere manu 
factured by General Technologies Corp. 

Examples of the organic balloons may include thermoset 
ting resin balloons and thermoplastic resin balloons. 
Examples of the thermosetting balloons may include phe 
nolic balloon, epoxy balloon and urea balloon, and examples 
of thermoplastic balloons may include Saran balloon, poly 
styrene balloon, polymethacrylate balloon, polyvinyl alcohol 
balloon and styrene-acrylic balloon. Balloons of cross-linked 
thermoplastic resins may also be used. The balloon as 
referred to herein may include balloons having been sub 
jected to foaming and balloons obtained by foaming after 
blending materials Which contain foaming agents. 

Speci?c examples of these organic balloons may include 
the folloWing commercially available balloons: phenolic bal 
loons such as UCAR Microballoons and Phenolic Microbal 
loons manufactured by Union Carbide Corp.; epoxy balloons 
such as Eccospheres manufactured by Emerson & Cuming, 
lnc.; urea balloons such as Eccospheres VF-O manufactured 
by Emerson & Cuming, lnc.; Saran balloons such as Saran 
Microspheres manufactured by DoW Chemical Co., Expan 
cell manufactured by Nippon Filament Co., Ltd. and Matsu 
moto Microsphere manufactured by Matsumoto Yushi-Seiy 
aku Co., Ltd., polystyrene balloons such as Dylite 
Expandable Polystyrene manufactured by Arco Polymers, 
Inc. and Expandable Polystyrene Beads manufactured by 
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Basf Wyandote Corp.; and cross-linked styrene-acrylic acid 
balloon such as SX863(P) manufactured by Japan Synthetic 
Rubber Co., Ltd. 

These balloons may be used each alone or as mixtures of 
tWo or more thereof. Additionally, balloons surface-treated 
for the purpose of improving the dispersibility thereof and the 
Workability of the compositions may also be used, the surface 
treatment being carried out by use of such compounds as fatty 
acids, fatty acid esters, rosin, lignin rosinate, silane coupling 
agents, titanium coupling agents, aluminum coupling agents 
and polypropylene glycol. These balloons are used for the 
purpose of reducing the Weight and cost Without degrading 
the ?exibility and the elongation/ strength included in the 
physical properties obtained When the composition is cured. 

Without imposing any particular constraint on the content 
of a balloon, a balloon may be used Within a range preferably 
from 0.1 to 50 parts and more preferably from 0.1 to 30 parts 
in relation to 100 parts by Weight of a cross-linking silyl 
group-containing polymer. When this content is less than 0.1 
part, the Weight reducing effect is small, While When the 
content is 50 parts or more, sometimes the tensile strength is 
degraded among the mechanical properties obtained When 
the composition is cured. Additionally, When the speci?c 
gravity of the balloon is 0.1 or more, the content range thereof 
is preferably from 3 to 50 parts, and more preferably from 5 to 
30 parts. 

<Physical Property Modi?ers> 
A physical property modi?er may be added, according to 

need, to the polymer of the present invention for the purpose 
of regulating the tensile properties of the cured substance to 
be generated. 

Without imposing any particular constraint on the physical 
property modi?er, examples of the physical property modi?er 
may include: alkylalkoxysilanes such as methyltrimethoxysi 
lane, dimethyldimethoxysilane, trimethylmethoxysilane and 
n-propyltrimethoxysilane; alkylisopropenoxysilanes such as 
dimethyldiisopropenoxysilane, methyltriisopropenoxysilane 
and y-glycidoxypropylmethyldiisopropenoxysilane; func 
tional group-containing alkoxysilanes such as y-glycidox 
ypropylmethyldimethoxysilane, y-glycidoxypropyltri 
methoxysilane, vinyltrimethoxysilane, 
vinyldimethylmethoxysilane, y-aminopropyltrimethoxysi 
lane, N-(B-aminoethyl)aminopropylmethyldimethoxysilane, 
y-mercaptopropyltrimethoxysilane and y-mercaptopropylm 
ethyldimethoxysilane; silicone varnishes; and polysiloxanes. 
The use of the physical property modi?er makes it possible to 
increase the hardness or to decrease the hardness to promote 
the elongation When the composition of the present invention 
is cured. These physical property modi?er may be used each 
alone or in combinations of tWo or more thereof. 

<Silanol-Containing Compounds> 
A silanol-containing compound may be added, according 

to need, to the polymer of the present invention for the pur 
pose of altering the physical properties of the cured sub 
stance. The silanol-containing compound means a compound 
Which has one silanol group in the molecule thereof and/ or a 
compound capable of generating, through reaction With 
moisture, a compound Which has one silanol group in the 
molecule thereof. Only one of these compounds may be used, 
or both of these compounds may be simultaneously used. 
No particular constraint is imposed on the compound 

Which has one silanol group in the molecule thereof, namely, 
one of the above silanol group-containing compounds. 
Examples of the compound having one silanol group may 
include the folloWing listed compounds, Which are repre 
sented by the formula (R")3SiOH Wherein R"s are the same or 
different, substituted or non-substituted alkyl or aryl groups: 
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In the above chemical formulas, C6H5 and C 1OH7 represent a 
phenyl group and a naphthyl group, respectively. Among 
these compounds, small molecular Weight (CH3)3SiOH and 
the like are preferable from the vieWpoints of easy availability 
and effects to be obtained. 

The above described compounds each having one silanol 
group in the molecule thereof are inferred to provide the cured 
substance With ?exibility through reducing the number of the 
cross-linking points by reacting With the cross-linking silyl 
groups of a cross-linking silyl group-containing polymer or 
by reacting With the siloxane bonds generated by cross-link 
mg. 
No particular constraint is imposed on the compound, one 

of the components of the present invention, capable of gen 
erating a compound having one silanol group in the molecule 
thereof through reaction With moisture. HoWever, examples 
of the compound capable of generating a compound having 
one silanol group may include: N,O-bis(trimethylsilyl)aceta 
mide, N-(trimethylsilyl)acetamide, bis(trimethylsilyl)trif 
luoroacetamide, N-methyl-N-trimethylsilyltri?uoroaceta 
mide, bistrimethylsilyl urea, N-(t-butyldimethylsilyl)-N 
methyl-tri?uoroacetamide, (N,N-dimethylamino) 
trimethylsilane, (N ,N-diethyl amino)trimethyl silane, 
hexamethyldisilaZane, l,l,3,3-tetramethyldisilaZane, N-(tri 
methylsilyl)imidaZole, trimethylsilyltri?uoromethane sul 
fonate, trimethylsilyl phenoxide, trimethylsilylated n-oc 
tanol, trimethylsilylated 2-ethylhexanol, tris 
(trimethylsilylated) glycerin, tris(trimethylsilylated) 
trimethylolpropane, tris(trimethylsilylated)pentaerythritol, 
tetra(trimethylsilylated)pentaerythritol, (CH3)3SiNHSi 
(CH3)3, (CH3)3SiNSi(CH3)2, allyloxytrimethylsilane, N,O 
bis(trimethylsilyl)acetamide, N-(trimethylsilyl)acetamide, 
bis(trimethylsilyl)tri?uoroacetamide, N-methyl-N-trimeth 
ylsilyltri?uoroacetamide, bistrimethylsilyl urea, N-(t-bu 
tyldimethylsilyl)-N-methyl-tri?uoroacetamide, (N,N-dim 
ethylamino)trimethylsilane, (N,N-diethylamino) 
trimethylsilane, hexamethyldisilaZane, l,l,3,3 
tetramethyldisilaZane, N-(trimethylsilyl)imidaZole, 
trimethylsilyltri?uoromethane sulfonate, trimethylsilyl phe 
noxide, trimethylsilylated n-octanol, trimethylsilylated 
2-ethylhexanol, tris(trimethylsilylated)glycerin, tris(trimeth 
ylsilylated)trimethylolpropane, tris(trimethylsilylated)pen 
taerythritol, tetra(trimethylsilylated)pentaerythritol, N,O-bis 
(trimethylsilyl)acetamide, N-(trimethylsilyl)acetamide, 
trimethylsilyl phenoxide, trimethylsilylated n-octanol, trim 
ethylsilylated 2-ethylhexanol, tris(trimethylsilylated)glyc 
erin, tris(trimethylsilylated)trimethylolpropane, tris(trimeth 
ylsilylated)pentaerythritol, tetra(trimethylsilylated) 
pentaerythritol, trimethylsilylated polyether polyols such as 
trimethylsilylated polypropylene glycol and trimethylsily 
lated polypropylene triol, trimethylsilylated polypropylene 
tetraol, and trimethylsilylated acryl polyol. HoWever, the 
compound capable of generating a compound having one 
silanol group is not limited these examples. These com 
pounds may be used each alone or in combinations of tWo or 
more thereof. 

The compound capable of generating a compound having 
one silanol group in the molecule thereof through reaction 
With moisture generates a compound having one silanol 
group in the molecule thereof, through the reaction With 
moisture during storage, at the time of curing or after curing. 
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The thus generated compound having one silanol group in the 
molecule thereof, is inferred, as described above, to provide 
the cured substance With ?exibility through reducing the 
number of the cross-linking points by reacting With the cross 
linking silyl groups of a vinyl polymer or by reacting With the 
siloxane bonds generated by cross-linking. 
The silanol-containing compounds may be used in combi 

nation With air-oxidation curable substances to be described 
later; the combinatory use of these compounds and sub 
stances preferably improves the curability and reduces the 
dust adhesion of the alkyd coating material applied onto the 
surface of the cured sub stance While the modulus of the cured 
substance is being maintained at a loW value. 
The addition amount of each of these silanol-containing 

compounds may be appropriately regulated according to the 
expected physical properties of the cured substance. Each of 
the silanol-containing compounds may be added in a content 
of 0.1 to 50 parts by Weight, preferably 0.3 to 20 parts by 
Weight, and more preferably 0.5 to 10 parts by Weight in 
relation to 100 parts by Weight of a cross-linking silyl group 
containing polymer. When the content is less than 0.1 part by 
Weight, no addition effect is attained, While When the content 
exceeds 50 parts by Weight, the cross-linking is insuf?cient 
and accordingly the strength and the gel fraction of the cured 
substance are decreased excessively. 
No particular constraint is imposed on the addition timing 

of the silanol-containing compound in such a Way that the 
silanol-containing compound may be added at the time of 
preparing the polymer, or at the time of preparing the curable 
composition. 

<Thixotropic Agents (Antisagging Agents)> 
A thixotropic agent (antisagging agent) may be added to 

the polymer of the present invention according to need for the 
purpose of preventing sagging and improving Workability. 
No particular constraint is imposed on the antisagging 

agents. HoWever, examples of the antisagging agents may 
include polyamide Waxes; hydrogenated castor oil deriva 
tives; metal soaps such as calcium stearate, aluminum stear 
ate and barium stearate; and ?ne poWdery silica. Although 
surface treated or non- surface treated ?ne poWdery silica may 
be used, surface-treated microniZed silica is rather preferable. 
These thixotropic agents (antisagging agents) may be used 
each alone or in combinations of tWo or more thereof. 

<Photocurable Substances> 
A photocurable substance may be added to the polymer of 

the present invention according to need. The photocurable 
substance means a substance Which is capable of chemically 
changing the molecular structure thereof in a short time under 
the action of light to result in physical changes such as curing. 
Addition of such a photocurable substance permits reducing 
the tackiness (also referred to as residual tackiness) of the 
surface of the cured sub stance obtained by curing the curable 
composition. The photocurable substance is a substance cur 
able under the irradiation of light, and a typical photocurable 
substance is, for example, such that it can be cured When it is 
alloWed to stand at a sunny indoor position (in the vicinity of 
the WindoW) at room temperature for one day. A large number 
of such substances are known, and they may include organic 
monomers, oligomers, resins and compositions containing 
these substances. No particular constraint is imposed on the 
types of the photocurable substances, and examples thereof 
may include unsaturated acrylic compounds, polyvinyl cin 
namates and aZidiZed resins. 

Speci?c examples of the unsaturated acrylic compounds 
may include: (meth)acrylates (oligoester acrylates) of loW 
molecular Weight alcohols such as ethylene glycol, glycerin, 
trimethylolpropane, pentaerythritol and neopentyl alcohol; 
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(meth)acrylates of bisphenol A, acids such as isocyanuric 
acid and the above described loW molecular Weight alcohols 
modi?ed With ethylene oxide and propylene oxide; (meth) 
acrylates of hydroxy group-terminated polyether polyols 
each having a polyether main chain, polymer polyols 
obtained by radical polymerizing vinyl monomers in the 
polyols each having a polyether main chain, hydroxy group 
terminated polyester polyols each having a polyester main 
chain, and polyols each having a vinyl or (meth)acrylic main 
chain and having one or more hydroxy groups in the main 
chain; epoxy acrylate oligomers obtained by reacting bisphe 
nol A type epoxy resins or novolac type epoxy resins With 
(meth)acrylic acid; and urethane acrylate oligomers, having 
urethane bonds and (meth)acrylate groups in the molecular 
chain thereof, obtained by reacting polyols, polyisocyanates 
and hydroxylated (meth)acrylates. 

The polyvinyl cinnamates each mean a photosensitive 
resin having cinnamoyl groups as photosensitive groups, and 
examples of them may include polyvinyl alcohol esteri?ed 
With cinnamic acid, and additionally a large number of poly 
vinyl cinnamate derivatives. 

The aZidiZed resins are knoWn as photosensitive resins 
having aZide groups as photosensitive groups; commonly 
used are photosensitive rubber liquids each containing an 
aZide compound added as a photosensitive agent therein and 
examples described in detail in “Photosensitive Resins (Kan 
kosei Jushi)” published by lnsatsu Gakkai Shuppanbu Ltd. on 
Mar. 17, 1972, p. 93, p. 106 andp. 117; these can be used each 
alone or as mixtures thereof, With the sensitiZers added 
thereto according to need. 

Among these photocurable sub stances, unsaturated acrylic 
compounds are preferable because of easiness in handling 
thereof. 

Each of the photocurable substances is preferably added in 
a content of 0.01 to 20 parts by Weight in relation to 100 parts 
by Weight of a cross-linking silyl group-containing polymer. 
When the content is less than 0.01 part by Weight, the effects 
to be obtained are small, While When the content exceeds 20 
parts by Weight, sometimes adverse effects on the physical 
properties are caused to occur. It may be noted that addition of 
sensitiZers such as ketones and nitro compounds and/or accel 
erators such as amines sometimes enhance the effects to be 
obtained. 

<Air-Oxidation Curable Substances> 

An air-oxidation curable substance may be added to the 
polymer of the present invention according to need. The air 
oxidation curable substance means a compound Which has 
one or more unsaturated groups capable of cross-linking to 
cure under the action of oxygen in the air. Addition of such an 
air-oxidation curable substance permits reducing the tacki 
ness (also referred to as residual tackiness) of the surface of 
the cured substance obtained by curing the curable composi 
tion. The air-oxidation curable sub stance in the present inven 
tion is a substance capable of being cured When brought into 
contact With the air, and more speci?cally, a substance Which 
has a characteristic that it is capable of being cured When 
reacting With oxygen in the air. A typical air-oxidation cur 
able substance is, for example, such that it can be cured When 
it is alloWed to stand in the air indoors for one day. 

Speci?c examples of the air-oxidation curable substances 
may include: drying oil such as Wood oil and ?axseed oil; 
various alkyd resins obtained by modifying these drying oils; 
acrylic resins, epoxy resins, silicone resins and urethane res 
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ins modi?ed With these drying oils; 1,2-polybutadine, 1,4 
polybutadiene, homopolymers and copolymers of dienes 
having 5 to 8 carbon atoms, and various modi?ed substances 
derived from these homopolymers and copolymers (maleic 
modi?ed substances, modi?ed boiled oils and the like). 
Among these, preferable are Wood oil, and liquid polymers 
(liquid polydienes) of these polydienes and modi?ed liquid 
polydienes. 

Speci?c examples of the liquid polydienes may include: 
liquid polymers obtained by homopolymeriZing and copoly 
meriZing diene compounds such as butadiene, chloroprene, 
isoprene and 1,3-pentadiene; and polymers such as NBR and 
SBR obtained by copolymeriZing these diene compounds 
With monomers such as acrylonitrile and styrene copolymer 
iZable With these diene compounds in such a Way that the 
diene compounds make up the main components, and various 
modi?ed sub stances derived therefrom (maleic modi?ed sub 
stances, modi?ed boiled oils and the like). These may be used 
each alone or in combinations of tWo or more thereof. Among 
these liquid diene compounds, liquid polybutadiene is pref 
erable. 

These air-oxidation curable substances may be used each 
alone or in combinations of tWo or more thereof. Concomitant 

use of a catalyst accelerating oxidative curing reaction and a 
metallic dryer With one or more of these air-oxidation curable 
substances sometimes enhances the effects to be obtained. 
Examples of these catalyst and metallic dryer may include 
metal salts such as cobalt naphthenate, lead naphthenate, 
Zirconium naphthenate, cobalt octylate and Zirconium octy 
late, and amine compounds. 
The air-oxidation curable substance may be used in com 

bination With the photocurable substance; the combinatory 
use of them is particularly preferable because sometimes the 
combinatory use displays further enhanced effects of the 
air-oxidation curable sub stance, and displays marked staining 
preventing effect in a case of long-term exposure and also in 
an area abundant in ?ne poWdery earth and sand and thereby 
undergoing harsh staining. 
The air-oxidation curable substance is preferably added in 

a content of 0.01 to 20 parts by Weight in relation to 100 parts 
by Weight of a cross-linking silyl group-containing polymer. 
When the content is less than 0.01 part by Weight, the effects 
to be obtained are small, While When the content exceeds 20 
parts by Weight, adverse effects on the physical properties are 
sometimes caused to occur. 

<Antioxidants> 

An antioxidant may be added to the polymer of the present 
invention according to need. Various antioxidants are knoWn, 
and various antioxidants are cited in “Handbook of Antioxi 
dants” published by Taiseisha and “Deterioration and Stabi 
liZation of Polymer Materials” (pp. 235 to 242) published by 
C.M.C. Chemistry Co. Ltd.; hoWever, the antioxidants are not 
limited to these cited examples. Examples of the antioxidant 
may include thioether antioxidants such as Mark PEP-36, 
Mark AO-23 (manufactured by Asahi Denka Co., Ltd.); and 
phosphorus-based antioxidants such as lrgafos 38, lrgafos 
168 and lrgafos P-EPQ (manufactured by Ciba Specialty 
Chemicals Ltd.). Among various antioxidants, hindered phe 
nol compounds as shoWn beloW are preferable. 

Speci?c examples of the hindered phenol compounds may 
include: 2,6-di-tert-butyl-4-methylphenol, 2,6-di-tert-butyl 
4-ethylphenol, mono(or di, or tri)(ot-methylbenzyl)phenol, 
2,2'-methylenebis(4-ethyl-6-tert-butylphenol), 2,2'-methyl 
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enebis(4-methyl-6-ter‘t-butylphenol), 4,4'-butylidenebis(3 
methyl-6-ter‘t-butylphenol), 4,4'-thiobis(3-methyl-6-ter‘t-bu 
tylphenol), 2,5-di-tert-butylhydroquinone, 2,5-di-ter‘t-amyl 
hydroquinone, triethylene glycol-bis[3-(3 -t-butyl-5-methyl 
4-hydroxyphenyl)propionate], 1,6-hexanediol-bis[3-(3,5-di 
t-butyl-4-hydroxyphenyl)propionate], 2,4-bis(n-octylthio) 
6-(4-hydroxy-3,5-di-t-butylanilino)-1,3,5-triaZine, 
pentaerythrityl-tetrakis[3-(3,5-di-t-butyl-4-hydroxyphenyl) 
propionate], 2,2-thio-diethylenebis[3-(3,5-di-t-butyl-4-hy 
droxyphenyl)propionate], octadecyl-3-(3,5-di-t-butyl-4-hy 
droxyphenyl)propionate, N,N'-hexamethylenebis(3,5-di-t 
butyl-4-hydroxy-hydrocinnamamide), 3,5-di-t-butyl-4 
hydroxy-benZylpho sphonate-diethylester, 1 ,3, 5-trimethyl-2, 
4,6-tris(3,5-di-t-butyl-4-hydroxybenZyl)benZene, calcium 
bis(3,5-di-t-butyl-4-hydroxybenZylphosphonic acid ethyl 
ester), tris(3,5-di-t-butyl-4-hydroxybenZyl)isocyanurate, 
2,4-2,4-bis[(octylthio)methyl]-o-cresol, N,N'-bis[3-(3,5-di 
t-butyl-4-hydroxyphenyl)propionyl]hydraZine, tris(2,4-di-t 
butylphenyl)phosphite, 2-(5-methyl-2-hydroxyphenyl)ben 
ZotriaZole, 2-[2-hydroxy-3,5-bis(0t,0t-dimethylbenZyl) 
phenyl] -2H-benZotriaZole, 2-(3 ,5 -di-t-butyl-2 
hydroxyphenyl)benZotriaZole, 2-(3 -t-butyl-5-methyl-2 
hydroxyphenyl)- 5 -chlorobenZotriaZole, 2 -(3 ,5 -di-t-butyl -2 - 
hydroxyphenyl)- 5 -chlorobenZotriaZole, 2- (3 ,5 -di -t-amyl -2 - 
hydroxyphenyl)benZotriaZole, 2-(2'-hydroxy-5'-t 
octylphenyl)benZotriaZole, condensate betWeen methyl-3 - [3 - 
t-butyl-5-(2H-benZotriaZol-2-yl)-4-hydroxyphenyl] 
propionate and polyethylene glycol (molecular Weight: about 
300), hydroxyphenylbenZotriaZole derivatives, bis(1,2,2,6,6 
pentamethyl-4-piperidyl)2-(3,5-di-t-butyl-4-hydroxyben 
Zyl)-2-n-butylmalonate, and 2,4-di-t-butylphenyl-3,5-di-t 
butyl-4-hydroxybenzoate. 

Examples may include in terms of trade names: Nocrac 
200, Nocrac M-17, Nocrak SP, Nocrac SP-N, Nocrac NS-5, 
Nocrac NS-6, Nocrac NS-30, Nocrac 300, Nocrac NS-7 and 
Nocrac DAH (manufactured by Ouchishinko Chemical 
Industrial Co., Ltd); Mark AO-30, Mark AO-40, Mark 
AO-50, Mark AO-60, Mark AO-616, Mark AO-635, Mark 
AO-658, Mark AO-80, Mark AO- 1 5, Mark AO-l 8, Mark 328 
and Mark AO-37 (manufactured by Asahi Denka Co., Ltd); 
lrganox-245, lrganox-259, lrganox-5 65, lrganox-1010, lrga 
nox- 1024, lrganox-1035, lrganox- 1076, lrganox-1081, lrga 
nox-1098, lrganox-1222, lrganox-1330 and lrganox 
1425WL (manufactured by Ciba Specialty Chemicals Ltd.): 
and SumiliZer GM and SumiliZer GA-80 (manufactured by 
Sumitomo Chemical Co., Ltd.). HoWever, the antioxidants 
are not limited to these examples. 

The antioxidant may be used in combination With the pho 
tostabiliZer to be described later; the combinatory use of them 
is particularly preferable because sometimes the combinatory 
use displays further enhanced effects of the antioxidant, and 
particularly improves the heat resistance. Tinuvin C353 and 
Tinuvin B75 (manufactured by Ciba Specialty Chemicals 
Ltd.) in each of Which an antioxidant and a photostabiliZer are 
blended in advance may also be used. 

The used amount of each of the antioxidant preferably falls 
Within a content range from 0.1 to 10 parts by Weight in 
relation to 100 parts by Weight of a cross-linking silyl group 
containing polymer. When the content is less than 0.1 part by 
Weight, the improvement effect of the Weather resistance is 
small, While When the content exceeds 5 parts by Weight, the 
effects to be obtained do not necessarily groW With the content 
increase and hence economic disadvantages are thereby pro 
vided. 

<PhotostabiliZers> 
A photostabiliZer may be added to the polymer of the 

present invention according to need. Various photostabiliZers 
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are knoWn, and various photostabiliZers are cited in “Hand 
book of Antioxidants” published by Taiseisha, “Deterioration 
and StabiliZation of Polymer Materials” (pp. 235 to 242) 
published by C.M.C. Chemistry Co. Ltd. and other sources; 
hoWever, the photostabiliZers are not limited to these cited 
examples. Among photostabiliZers, ultraviolet absorbers and 
hindered amine photostabiliZer compounds are preferable. 
Speci?c examples of the photostabiliZers may include: ben 
ZotriaZole compounds such as Tinuvin P, Tinuvin 234, Tinu 
vin 320, Tinuvin 326, Tinuvin 327, Tinuvin 329 and Tinuvin 
213; triaZine compounds such as Tinuvin 1577; benZophe 
none compounds such as Chimassorb 81; and benZoate com 
pounds such as Tinuvin 120 (all manufactured by Ciba Spe 
cialty Chemicals Ltd.). 

Hindered amine compounds are also preferable, as listed 
beloW. Examples of the hindered amine compounds may 
include: dimethyl succinate-1-(2-hydroxyethyl)-4-hydroxy 
2,2,6,6-tetramethylpiperidine polycondensate, poly[{6-(1 , 1, 
3 ,3 -tetramethylbutyl)amino-1 ,3 ,5 -triaZin-2,4-diyl } { (2,2,6, 
6-tetramethyl-4-piperidyl)imino}], N,N'-bis(3 
aminopropyl)ethylenediamine-2,4-bis [N-butyl-N-(l ,2,2,6, 
6-pentamethyl-4 -piperidyl)amino] -6-chloro- 1 ,3 ,5 -triaZine 
condensate, bis(2,2,6,6-tetramethyl-4-piperidyl)sebacate, 
and bis(2,2,6,6-tetramethyl-4-piperidinyl)succinate. 

Examples may include in terms of trade names: Tinuvin 
622LD, Tinuvin 144, Chimassorb 944LD, Chimassorb 
119FL and lrgafos 168 (manufactured by Ciba Specialty 
Chemicals Ltd.); Mark LA-52, Mark LA-57, Mark LA-62, 
Mark LA-67, Mark LA-63, Mark LA-68, Mark LA-82 and 
Mark LA-87 (manufactured by Asahi Denka Co., Ltd.); Sanol 
LS-770, Sanol LS-765, Sanol LS-292, Sanol LS-2626, Sanol 
LS-1114, Sanol LS-744 and Sanol LS-440 (manufactured by 
Sankyo Co., Ltd.). HoWever, the photostabiliZers are not lim 
ited to these examples. 
The photostabiliZer may be used in combination With the 

above described antioxidant; the combinatory use of them is 
particularly preferable because sometimes the combinatory 
use displays further enhanced effects of the photostabiliZer, 
and particularly improves the Weather resistance. No particu 
lar constrain is imposed on the combinations betWeen the 
photo stabiliZers and the antioxidants. HoWever, for example, 
the combinations betWeen the above described hindered phe 
nol antioxidants and the above described benZotriaZole ultra 
violet absorbers, and the combinations betWeen the above 
described hindered phenol antioxidants and the above 
described hindered amine photostabiliZer compounds are 
preferable. The combinations betWeen the above described 
hindered phenol antioxidants With, for example, the above 
described benZotriaZole ultraviolet absorbers and hindered 
amine photostabiliZer compounds are also preferable. Tinu 
vin C353 and Tinuvin B75 (manufactured by Ciba Specialty 
Chemicals Ltd.) in each of Which a photostabiliZer and an 
antioxidant are blended in advance may also be used. 
The hindered amine photostabiliZer may be used in com 

bination With the above described photocurable substance; 
the combinatory use of them is particularly preferable 
because sometimes the combinatory use displays further 
enhanced effects of the hindered amine photostabiliZer, and 
particularly improves the Weather resistance. No particular 
constrain is imposed on the combinations betWeen the hin 
dered amine photostabiliZers and the photocurable sub 
stances. In this connection, hoWever, tertiary amine-contain 
ing hindered amine photostabiliZers are preferable because 
they provide small increase in viscosity during storage and 
satisfactory storage stability. 
The used amount of each of the photostabiliZers preferably 

falls Within a content range from 0.1 to 10 parts by Weight in 
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relation to 100 parts by Weight of a cross-linking silyl group 
containing polymer. When the content is less than 0.1 part by 
Weight, the improvement effect of the Weather resistance is 
small, While When the content exceeds 5 parts by Weight, the 
effects to be obtained do not necessarily groW With the content 
increase and hence economic disadvantages are thereby pro 
vided. 

<Epoxy Resins> 
The composition of the present invention may comprise an 

epoxy resin and an epoxy resin curing agent. When a mixture 
of the vinyl polymer of the present invention and an epoxy 
resin is cured, a cured substance having a high strength and a 
high adhesive force is obtained. As the epoxy resin, those Well 
knoWn in the art can be Widely used, and examples of such 
epoxy resins may include bisphenol-A epoxy resin, bisphe 
nol-F epoxy resin, bisphenol-AD epoxy resin, bisphenol-S 
epoxy resin, epoxy resins obtained by hydrogenating these 
epoxy resins, glycidyl ester epoxy resin, glycidyl amine 
epoxy resin, alicyclic epoxy resin, novolac epoxy resin, ure 
thane-modi?ed epoxy resin having urethane bonds, ?uori 
nated epoxy resin, rubber-modi?ed epoxy resin containing 
polybutadiene or NBR, and ?ame retardant epoxy resins such 
as glycidyl ether of tetrabromobisphenol-A. These epoxy 
resins may be used each alone or in combinations of tWo or 
more thereof. Among these epoxy resins, bisphenol-A epoxy 
resin is preferable from the vieWpoint of the balance betWeen 
the Workability, curability, adhesion strength, versatility With 
respect to the applicable adherends, Water resistance, dura 
bility and the like. 

The used amount of such an epoxy resin is such that it may 
be used in any proportion. HoWever, for the purpose of using 
such an epoxy resin as an elastic adhesive or the like, namely, 
for the purpose of using such an epoxy resin in such a Way that 
the properties as an elastic substance are still maintained after 
curing, it is recommended that such an epoxy resin is usually 
used in a content falling Within a range from 10 to 80 parts by 
Weight, and preferably Within a range from 20 to 70 parts by 
Weight in relation to 100 parts by Weight of a cross-linking 
silyl group-containing polymer. Unpreferably, When the con 
tent is less than 10 parts by Weight, the adhesion strength and 
the Water resistance become insuf?cient, While When the con 
tent exceeds 80 parts by Weight, the decease of the peel 
strength and the like occurs. 
The composition of the present invention may include an 

epoxy resin curing agent. As the epoxy resin curing agent, 
those Well knoWn in the art may be Widely used. Examples of 
the epoxy resin curing agent may include: aliphatic amines 
such as ethylenediamine, diethylenetriamine, triethylenetet 
ramine, tetraethylenepentamine, diethylaminopropylamine, 
hexamethylenediamine, methylpentamethylenediamine, tri 
methylhexamethylenediamine, guanidine and oleylamine; 
alicyclic amines such as menthenediamine, isophoronedi 
amine, norbornanediamine, piperidine, N,N'-dimethylpip 
eraZine, N-aminoethylpiperaZine, l,2-diaminocyclohexane, 
bis(4-amino-3-methylcyclohexyl)methane, bis(4-aminocy 
clohexyl)methane, polycyclohexylpolyamine and l,8-diaZ 
abicyclo[5,4,0]undecene-7 (DBU); aromatic amines such as 
methaphenylenediamine, 4,4'-diaminodiphenylmethane and 
4,4'-diaminodiphenylsulfonic acid; aliphatic-aromatic 
amines such as m-xylylenediamine, benZyldimethylamine, 
2-(dimethylaminomethyl)phenol, and 2,4,6-tris(dimethy 
laminomethyl)phenol; ether bond-containing amines such as 
3 ,9-bis(3 -aminopropyl) -2,4, 8, lO-tetraoxaspiro [5 ,5]unde 
cane (ATU), morpholine, N-methylmorpholine, polyoxypro 
pylenediamine, polyoxypropylenetriamine and polyoxyeth 
ylenediamine; hydroxylated amines such as diethanolamine 
and triethanolamine; acid anhydrides such as tetrahydro 
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phthalic anhydride, methyltetrahydrophtalic anhydride, 
methylnadic anhydride, hexahydrophthalic anhydride and 
dodecylsuccinic anhydride; polyamide amines such as polya 
mides obtained by reacting dimer acids With polyamines such 
as diethylenetriamine and triethylenetetramine and polya 
mides obtained by reacting polycarboxylic acids other than 
dimer acids With the polyamines; imidaZoles such as 2-ethyl 
4-methylimidaZole; dicyandiamide; polyoxypropylene 
amines such as polyoxypropylene diamine and polyoxypro 
pylene triamine; phenols; modi?ed amines such as epoxy 
modi?ed amines obtained by reacting the above described 
amines With epoxy compounds, Mannich-modi?ed amines 
obtained by reacting the above described amines With forma 
lin and phenols, Michael addition-modi?ed amines and 
ketimines; and amine salts such as 2-ethylhexanoate of 2,4, 
6-tris(dimethylaminomethyl)phenol. These curing agents 
may be used each alone or in combinations of tWo or more 
thereof. Among these epoxy resin curing agents, 2,4,6-tris 
(dimethylaminomethyl)phenol and polyoxypropylene 
diamines are preferable from the vieWpoint of the balance 
betWeen curability and physical properties. 

It is recommended that such an epoxy resin curing agent is 
used usually in a content falling Within a range from approxi 
mately 1 to 60 parts by Weight and preferably in a content 
falling Within a range from approximately 2 to 50 parts by 
Weight in relation to 100 parts by Weight of a cross-linking 
silyl group-containing polymer, although the content con 
cerned depends on the blended amount of the epoxy resin. 
When the content is less than 1 part by Weight, the curing of 
the epoxy resin is insu?icient and the adhesion strength is 
degraded. Unpreferably, When the content exceeds 60 parts 
by Weight, bleeding and the like occur into the interface and 
the adhesion is degraded. 

<Other Additives> 
Various additives may be added to the polymer of the 

present invention according to need for the purpose of adjust 
ing the various physical properties of the curable composition 
or the cured substance. Examples of such additives may 
include a ?ame retardant, a curability modi?er, a metal deac 
tivator, an antioZonant, a phosphorus-based peroxide decom 
poser, a lubricant, a pigment and a foaming agent. These 
additives may be used each alone or in combinations of tWo or 
more types thereof. 

Speci?c examples of such additives are described in J apa 
nese Patent Publication Nos. 4-69659 and 7-108928 and 
Japanese Patent Laid-Open Nos. 63-254149 and 64-22904. 
The polymer of the present invention can be used substan 

tially Without any solvent. A solvent may be used from the 
vieWpoint of Workability, but it is desirable not to use any 
solvent in vieW of environmental effects. 

<Preparation of One-Part and Two-Part Compositions> 
A curable composition Which uses the polymer of the 

present invention can be prepared as a one-part composition 
in Which all the ingredients are blended and hermetically 
stored in advance under the condition of dried atmosphere 
and the curing of the composition is carried out by the action 
of the moisture in the air after application of the composition. 
A curable composition Which uses the polymer of the present 
invention can also be prepared as a tWo-part composition in 
Which the ingredients such as a curing catalyst, a ?ller, a 
plasticiZer, Water and the like are blended in advance sepa 
rately as a curing component, and the curing component 
composed of the blended ingredients and a polymer compo 
sition component are mixed together immediately before 
application. When a tWo-part composition is adopted, a colo 
rant can be added at the time of mixing of the tWo compo 
nents; thus, When a sealant in harmony in color With a siding 
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board is provided, a Wide variety of colors can be made 
available on the basis of a rather limited stock of polymer 
compositions; in this Way and some other Ways, such a tWo 
part composition makes it easy to meet the market demand for 
a Wider range of colors, and is thereby more preferable foruse 
in loW-rise building construction and the like. When a paste 
prepared by mixing, for example, a pigment and a plasticiZer 
or a paste prepared by further mixing a ?ller as the case may 
be is used as a colorant, the operations involved are made 
easier. By adding a retardant at the time of mixing the tWo 
components, the curing rate can be ?nely regulated at the 
Working spot. 

EXAMPLES 

Further detailed description Will be made beloW on the 
present invention With reference to the beloW described 
examples, but the present invention is not limited only to these 
examples. 

Preparation Example 1 

<PolymeriZation step> By use of a polypropylene triol 
having a molecular Weight of about 3000 as an initiator and a 
Zinc hexacyanocobaltate-glyme complex catalyst, propylene 
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acid as catalyst to yield a reactive silicon group-terminated 
polyether (a reactive silicon group-containing polyether). 
The concentrations of Co and Zn Were determined by means 
of the ICP emission spectrochemical analysis to be 0.47 and 
4.7 ppm, respectively. 

Preparation Examples 2 to 11 

Reactive silicon group-containing polyethers Were 
obtained in the same manner as in Preparation Example 1 
except that in the puri?cation step the amounts of hexane and 
Water Were altered and the extraction separation rates Were 
altered. The concentrations of Co and Zn Were determined in 
the same manner as in Preparation Example 1. The results 
obtained are shoWn in Table 1. 

Preparation Example 12 

A reactive silicon group-containing polyether Was 
obtained in the same manner as in Preparation Example 1 
except that the puri?cation method in the puri?cation step 
Was changed from the hexane/Water extraction method to a 
?ltration method. The concentrations of Co and Zn Were 
found to be 0.9 and 6.4 ppm, respectively. 

TABLE 1 

Prep. Prep. Prep. 
Prep. Prep. Prep. Prep. Prep. Prep. Prep. Prep. Prep. ex. ex. ex. 
ex. 1 ex. 2 ex. 3 ex. 4 ex. 5 ex. 6 ex. 7 ex. 8 ex. 9 10 11 12 

Co 0.47 0.46 0.41 0.35 0.29 0.15 0.08 0.62 0.83 0.87 1.1 0.9 
Zn 4.7 4.9 3.6 4.7 3.3 2.5 1.4 5.1 4.1 6.0 5.2 6.4 

35 

oxide Was polymerized to yield a hydroxy group-terminated 
polyether having a number average molecular Weight of 
about 15,000 (an end-group molecular Weight derived from 
an end-group concentration determination). 

<Allylation step> Subsequently, a methanol solution of 1.2 
equivalents of NaOMe in relation to the hydroxy groups of the 
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Preparation Examples 13 to 24 

The allyl-terminated polyethers in Preparation Examples 1 
to 12 Were reacted With y-mercaptopropylmeth 
yldimethoxysilane or y-mercaptopropyltrimethoxysilane to 
yield reactive silicon group-terminated polyethers. 

TABLE 2 

Prep. Prep. Prep. Prep. Prep. Prep. Prep. Prep. Prep. Prep. Prep. Prep. 
ex. ex. ex. ex. ex. ex. ex. ex. ex. ex. ex. ex. 

13 14 15 16 17 18 19 2O 21 22 23 24 

Allyl-terminated Prep. Prep. Prep. Prep. Prep. Prep. Prep. Prep. Prep. Prep. Prep. Prep 
polyether ex. 1 ex. 2 ex. 3 ex. 4 ex. 5 ex. 6 ex. 7 ex. 8 ex. 9 ex. ex. ex. 

10 1 1 12 
Type of Di Di Tri Di Tri Di Di Tri Di Tri Di Di 

mercaptosilane 

hydroxy group -terminated polyether oligomer Was added and Preparation Example 25 
the methanol Was distilled off, and 3-chloro-1-propene Was 55 
added to convert the hydroxy groups into the allyl groups. 

<Puri?cation step> To this reaction mixture, hexane and 
Water Were added to extract the ionic impurities into the Water 
layer, then the Water layer Was separated and removed, and 
the hexane layer Was concentrated and subjected to a volatil 
iZation under reduced pressure to yield a puri?ed polypropy 
lene oxide (allyl-terminated polyether) having an ally group 
at each of both terminals and a number average molecular 
Weight of about 15,000. 

<Silylation step> Then, the polypropylene oxide thus 
obtained Was reacted With dimethoxymethylsilane in the 
presence of an isopropyl alcohol solution of chloroplatinic 

<PolymeriZation step> By use of a polypropylene diol 
having a molecular Weight of about 3000 as an initiator and a 
Zinc hexacyanocobaltate-glyme complex catalyst, propylene 
oxide Was polymerized to yield a hydroxy group-terminated 
polyether having a number average molecular Weight of 
about 12,000 (an end-group molecular Weight derived from 
an end-group concentration determination). 

<Puri?cation step> The catalyst Was treated With a strong 
alkali; then the reaction mixture Was neutraliZed and then 
puri?ed by ?ltration. 

<Silylation step> The polyether thus obtained Was reacted 
With y-isocyanatepropylmethyldimethoxysilane in an atmo 
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sphere of nitrogen, until no isocyanate group remained, to 
yield a reactive silicon group-terminated polyether. The con 
centrations of Co and Zn Were determined by means of the 
ICP emission spectrochemical analysis to be 0.2 and 0.4 ppm, 
respectively. 

Preparation Example 26 

A reactive silicon group-containing polyether Was 
obtained in the same manner as in Preparation Example 25, 
except that in the puri?cation step, the alkali treatment con 
ditions Were altered. The concentrations of Co and Zn Were 
measured in the same manner as in Preparation Example 25. 
The results obtained are shoWn in Table 3. 

Preparation Example 27 

<PolymeriZation step> By use of a polypropylene diol 
having a molecular Weight of about 3000 as an initiator and a 
Zinc hexacyanocobaltate-glyme complex catalyst, propylene 
oxide Was polymerized to yield a hydroxy group-terminated 
polyether having a number average molecular Weight of 
about 10,000 (an end-group molecular Weight derived from 
an end-group concentration determination). 

<Puri?cation step> The catalyst Was treated With a strong 
alkali; then the reaction mixture Was neutraliZed and then 
puri?ed by ?ltration. 

<Silylation step> The polyether thus obtained Was reacted 
With 2,4-trilene diisocyanate in an atmosphere of nitrogen to 
yield an isocyanate group-terminated prepolymer. The pre 
polymer Was further reacted With y-aminopropylmeth 
yldimethoxysilane to yield a reactive silicone group-termi 
nated polyether. The concentrations of Co and Zn Were 
determined by means of the ICP emission spectrochemical 
analysis to be 0.3 and 1.2 ppm, respectively. 

Preparation Example 28 

A reactive silicon group-containing polyether Was 
obtained in the same manner as in Preparation Example 27 
except that in the puri?cation step, the alkali treatment con 
ditions Were altered. The concentrations of Co and Zn Were 
measured in the same manner as in Preparation Example 27. 
The results obtained are shoWn in Table 3. 

TABLE 3 

Prep. ex. Prep. ex. Prep. ex. Prep. ex. 
25 26 27 28 

Co 0.2 0.7 0.3 1.2 
Zn 0.4 0.8 1.2 4.1 

Preparation Example 29 

A solution obtained by dissolving 2.6 g of aZobisisobuty 
ronitrile as a polymerization initiator in a mixture of 6.0 g of 
butyl acrylate, 66 g of methyl methacrylate, 13 g of stearyl 
methacrylate, 5.4 g of y-methacryloxypropylmeth 
yldimethoxysilane, 7.0 g of y-mercaptopropylmeth 
yldimethoxysilane and 23 g of isobutanol Was added drop 
Wise into 43 g of isobutanol heated to 1050 C. over a period of 
4 hours, and then postpolymeriZation Was alloWed to proceed 
for 2 hours, to yield a vinyl polymer having a solid content 
concentration of 60% and a number average molecular 
Weight (Mn) of 1,900 based on GPC (relative to polystyrene 
standards). 
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Preparation Examples 30 to 45 

Each of the reactive silicon group-containing polyethers 
obtained in Preparation Examples 1 to 12 and 25 to 28 Was 
mixed With the vinyl polymer obtained in Preparation 
Example 29 at a solid Weight ratio of 60:40, and then the 
solvent Was removed to yield a homogeneous and transparent 
reactive silicon group-containing polyether/vinyl polymer 
mixture (Table 4). Table 5 shoWs the Co and Zn concentra 
tions (calculated values) of Preparation Examples 30 to 45, 
derived from the measured values given in Tables 1 and 3. 

TABLE 4 

Reactive silicon group 
containing polyether Vinyl polymer 

Prep. ex. 30 Prep. ex. 1 Prep. ex. 29 
Prep. ex. 31 Prep. ex. 2 Prep. ex. 29 
Prep. ex. 32 Prep. ex. 3 Prep. ex. 29 
Prep. ex. 33 Prep. ex. 4 Prep. ex. 29 
Prep. ex. 34 Prep. ex. 5 Prep. ex. 29 
Prep. ex. 35 Prep. ex. 6 Prep. ex. 29 
Prep. ex. 36 Prep. ex. 7 Prep. ex. 29 
Prep. ex. 37 Prep. ex. 8 Prep. ex. 29 
Prep. ex. 38 Prep. ex. 9 Prep. ex. 29 

Prep. ex. 39 Prep. ex. 10 Prep. ex. 29 
Prep. ex. 40 Prep. ex. 11 Prep. ex. 29 
Prep. ex. 41 Prep. ex. 12 Prep. ex. 29 

Prep. ex. 42 Prep. ex. 25 Prep. ex. 29 
Prep. ex. 43 Prep. ex. 26 Prep. ex. 29 
Prep. ex. 44 Prep. ex. 27 Prep. ex. 29 

Prep. ex. 45 Prep. ex. 28 Prep. ex. 29 

TABLE 5 

Co Zn 

Prep. ex. 30 0.31 2.8 
Prep. ex. 31 0.27 1.7 
Prep. ex. 32 0.25 2.2 
Prep. ex. 33 0.21 2.8 
Prep. ex. 34 0.17 2.0 
Prep. ex. 35 0.09 1.5 
Prep. ex. 36 0.05 0.84 
Prep. ex. 37 0.37 3.1 
Prep. ex. 38 0.50 2.5 
Prep. ex. 39 0.52 3.6 
Prep. ex. 40 0.66 3.1 
Prep. ex. 41 0.93 3.8 
Prep. ex. 42 0.12 0.24 
Prep. ex. 43 0.42 0.48 
Prep. ex. 44 0.18 0.72 
Prep. ex. 45 0.72 2.5 

Measurement Examples 1 to 28 

Each of the reactive silicon group-containing polyethers 
and the polyether/vinyl polymer mixtures obtained in Prepa 
ration Examples 13 to 24 and 30 to 45 Was placed in a glass 
vessel and subjected to an accelerated storage at 800 C. for 2 
days. The red coloration after the accelerated storage of each 
of these polyethers and mixtures Was measured With a color 
difference meter (Nippon Denshoku Industries Co., Ltd., 
300A), and the results thus obtained are shoWn in Table 6. 

Color measurement method: Each of the polyethers and 
mixtures Was placed in a 1-cm square cell and centrifugally 
defoamed, and then the a* value Was measured on the basis of 
the transmission method. Pure Water Was used as the blank. 
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Relation between the a* value representing the magnitude 
of coloration and the external appearance: 

—0.5<a*§0.5: colorless (good) 
0.5<a*§1.0: pale pink (good) 
1.0<a*§5: pink (good) 
5<a*: red (poor) 

TABLE 6 

Reactive 
silicon 
group 

containing 
polyether or 
polyether/ Magnitude 

vinyl of 
Measure. polymer coloration Color 
ex. No. mixture a* value (evaluation) 

1 Prep. ex. 13 3.9 Pink (good) 
2 Prep. ex. 14 3.4 Pink (good) 
3 Prep. ex. 15 3.5 Pink (good) 
4 Prep. ex. 16 3.4 Pink (good) 
5 Prep. ex. 17 1.9 Pink (good) 
6 Prep. ex. 18 0.9 Pale pink (good) 
7 Prep. ex. 19 —0.1 Colorless (good) 
8 Prep. ex. 20 5.4 Red (poor) 
9 Prep. ex. 21 7.7 Red (poor) 
10 Prep. ex. 22 9.3 Red (poor) 
11 Prep. ex. 23 13.0 Red (poor) 
12 Prep. ex. 24 9.7 Red (poor) 
13 Prep. ex. 30 2.2 Pink (good) 
14 Prep. ex. 31 2.1 Pink (good) 
15 Prep. ex. 32 1.9 Pink (good) 
16 Prep. ex. 33 1.9 Pink (good) 
17 Prep. ex. 34 1.3 Pink (good) 
18 Prep. ex. 35 0.4 Colorless (good) 
19 Prep. ex. 36 —0.4 Colorless (good) 
20 Prep. ex. 37 2.5 Pink (good) 
21 Prep. ex. 38 4.5 Pink (good) 
22 Prep. ex. 39 5.2 Red (poor) 
23 Prep. ex. 40 7.0 Red (poor) 
24 Prep. ex. 41 5.2 Red (poor) 
25 Prep. ex. 42 0.9 Pale pink (good) 
26 Prep. ex. 43 3.5 Pink (good) 
27 Prep. ex. 44 1.2 Pink (good) 
28 Prep. ex. 45 7.2 Red (poor) 

ADVANTAGEOUS EFFECT OF THE PRESENT 
INVENTION 

The present invention is able to provide a reactive silicon 
group-containing organic polymer free from a problem of red 
coloration. 
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INDUSTRIAL APPLICABILITY 

The polymer of the present invention forms three dimen 
sional netWork structure to be cured by the action of the 
moisture When exposed to the air. The polymer of the present 
invention is useful as an elastic sealant and an adhesive, and 
can be used as a sealant and an adhesive for buildings, ships, 
vehicles, road and the like. Moreover, the polymer of the 
present invention can adhere, by itself or With the aid of a 
primer, to a Wide variety of substrates including glass, porce 
lain, Woods, metals and molded resin substances, and accord 
ingly, can be used as various types of sealing compositions 
and adhesive compositions. The polymer obtained according 
to the method of the present invention can be particularly 
effectively used for highly Weather resistant sealants/adhe 
sives, or clear type sealants/adhesives and high-strength type 
sealants/ adhesives. 
The invention claimed is: 
1. A process for producing an organic polymer composi 

tion Which comprises Co in a content of 0.05 to 0.5 ppm, and 
comprised of a mixture of a reactive silicon group-containing 
polyether (A) and a vinyl polymer (B) Which is obtained by 
polymerizing a vinyl monomer in the presence of a mercapto 
group-containing compound as a chain transfer agent, 
Wherein in the preparation of the recited silicon group-con 
taining polyether, the Co is present as a residue of a cobalt 
polymeriZation catalyst employed during the producing of 
component (A) and a puri?cation step comprised of the fol 
loWing (a) is employed, 

Wherein (a) comprises adding, to a reaction mixture con 
taining an allyl-terminated polymer, hexane and Water to 
extract ionic impurities into a Water layer, then separat 
ing and removing the Water layer, and then concentrating 
and subjecting the hexane layer to a volatiliZation under 
reduced pressure to yield a puri?ed allyl-terminated 
polyether. 

2. A process for producing an organic polymer composi 
tion, Which comprises Co in a content of 0.05 to 0.5 ppm, and 
comprised of a mixture of a reactive silicon group-containing 
polyether (A) and a vinyl polymer (B) Which is obtained by 
polymerizing a vinyl monomer in the presence of a mercapto 
group-containing compound as a chain transfer agent, 
Wherein in the preparation of the recited silicon group-con 
taining polyether, a puri?cation step comprises treating a 
reaction mixture containing a hydroxyl group-terminated 
polyether and a catalyst With a strong alkali, then neutraliZing 
the reaction mixture, and then purifying the reaction mixture 
by ?ltration. 


